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1. Introduction 

Osteoarthritis (OA), the most prevalent joint disease, is characterized by the progressive loss 
of articular cartilage that leads to chronic pain and functional restrictions in affected joints 
[Goldring & Goldring, 2007]. The prior notion of OA as a bland disease related to aging and 
“wear and tear” of the joint has given way to views of a dynamic system with multiple 
pathogenic contributors, as local factors, as well as crystals and inflammation [Brandt et al., 
2006]. OA represents a major therapeutic challenge to medical and health-care providers. In 
part, this is because OA is a chronic condition in which symptoms evolve over long periods 
of time and in which symptomatic episodes are frequently separated by lengthy 
asymptomatic periods. It is likely, however, that alterations in joint structure and function 
continue during these relative periods of clinical quiescence. In addition, limited tools are 
available for the assessment of the progression of structural changes in joint tissues in 
association with the development of osteoarthritis. Importantly, the correlation between 
structural alterations and symptoms is contradictory. There is a significant difference in the 
expression levels of cartilage relevant molecules between specimens showing histological 
alterations and control samples [Lorenz et al., 2006].   A total breakdown in synthesis of 
matrix molecules leads to the end stage OA with further progression of cartilage loss. 
A number of OA models, e.g. aging animals, genetically modified mice, as well as animals 
with surgically, enzymatically, or chemically induced OA [van den Berg, 2001] have been 
developed to investigate the pathogenesis of OA and evaluate the potentials of new 
disease/structure-modifying drugs [Oegema et al., 2002]. Among these, monosodium 
iodoacetate (MIA, iodoacetic acid) model has been widely used to analyze the histological 
and biochemical changes observed during the progression of OA [Ameye, & Young, 2006]. 
Injection of the metabolic inhibitor, MIA, into joints inhibits glyceraldehye-3-phosphate 
dehydrogenase activity in chondrocytes, resulting in disruption of glycolysis and eventual 
cell death [Kalbhen, 1987]. The progressive loss of chondrocytes results in histologic and 
morphologic changes to the articular cartilage, closely resembling those seen in human OA 
[Janusz et al., 2001]. In addition, the model has been utilized by a number of investigators to 
test pharmacologic agents for their ability to preserve cartilage structure [Janusz et al., 2001]. 
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Glucosamine, a naturally-occurring amino monosaccharide, is present in the 
polysaccharides of the connective and cartilage tissues, and contributes to maintaining the 
strength, flexibility, and elasticity of these tissues. Thus, glucosamine has been widely used 
for more than two decades in humans to treat osteoarthritis [Crolle, 1980]. Several short- and 
long-term clinical trials in osteoarthritis have shown the significant symptom-modifying 
effect of glucosamine [Reginster, et al., 2001]. Moreover, the updated Osteoarthritis Research 
Society International (OARSI) recommendations for management of hip and knee OA have 
recently suggested that glucosamine has symptom-relieving and structure modifying effects 
in knee OA [Zhang et al. 2008]. Importantly, it has been previously revealed in vitro that 
glucosamine can inhibit the degradation and stimulate the synthesis of glycosaminoglycans 
(proteoglycans), thereby possibly exhibiting chondroprotective action [Fenton et al., 2000]. 
Moreover, glucosamine has been shown to reduce radiographic progression of joint space 
narrowing in knee OA [Reginster, et al., 2001]. On the other hand, Glucosamine/chondroitin 
Arthritis Intervention Trial reported that glucosamine did not reduce pain effectively in 
patients with OA [Clegg et al., 2006], and the nonsufficient number of trials cannot confirm 
statistically that glucosamine sulphite has no effect [Vlad et al., 2007]. Thus, the effect of 
glucosamine on OA is still controversial [McAlindon, 2003]. 
Thermal analysis comprises a group of techniques in which a physical property of a 
substance is measured as a function of temperature, while the substance is subjected to a 
controlled temperature programme. Differential scanning calorimetry (DSC) has been 
widely used for determining physicochemical transformations that occur during thermal 
degradation [Collett & Brown, 1998]. Calorimetry can be used to determine most 
thermodynamic properties; e.g. enthalpy changes for reactions (ΔH) and for phase changes 
[Aigner et al., 2009; Than & Lőrinczy, 2003]. The usefulness of calorimetric examination in 
the characterization of biological samples has been demonstrated by previous studies [Than 
et al., 2000; Wiegand et al., 2009]. Prior studies have demonstrated the usefulness of 
calorimetric examination in the characterization of cartilage degeneration [Wiegand et al., 
2010]. We have extended the use of thermal analysis by introducing thermogravimetric 
investigations. Thereby new information on the physicochemical properties of normal and 
OA tissues has been acquired. 
An increasing number of papers have been published with the use of calorimetric 
techniques in the examination of degenerative [Mécs et al., 2009], rheumatoid arthritis [Tóth 
et al., 2009], and healthy human hyaline cartilage [Aigner et al., 2009]. P. Than et al.  
investigated first animal hyaline cartilage using differential scanning calorimetric method 
[Than et al., 2000]. They have concluded that structural manifestation of OA causes a 
remarkable change of thermal stability of hyaline cartilage. The healthy cartilage samples 
used in these studies were of cadaver origin as waste material, pathological cartilage was 
derived as intraoperative tissue fragments. The samples were washed in sterile phosphate-
buffered saline and stored in complex solution containing fetal bovine serum, antibiotic, 
antimycotic solution, and amino acids. The measurements were conducted in 48 hours of 
sample deriving. The reported data on the calorimetric enthalpy changes proved to be 
inconsistent. In severely affected osteoarthritis, the ΔH has increased almost twofold, while 
in an earlier study, enthalpy changes in the intact hyaline cartilage altered from higher to 
lower levels in some cases [Than et al., 2000; Than et al., 2004].  
The aim of these studies was to further characterize the altered metabolisms in OA that 
promotes disease progression. Based on previous studies, we hypothesized that 
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thermodynamic findings may clearly differentiate normal and degenerated human hyaline 
`cartilage. Physicochemical transformations may provide information on the role of water 
content in OA, and enthalpy change of the process, initiated by the temperature change, 
might represent potential marker of the disease activity. Under experimental circumstances, 
calorimetric examinations were used to differentiate normal and degenerated rat hyaline 
cartilage and the effect of oral glucosamine-sulphate pre-treatment in OA was also studied. 
The purpose of this study was to elucidate complex deviations that are developed from the 
normal matrix composition during OA and OA with glucosamine-sulphate treatment in 
contributing to disease progression. 

2. Conceptual background 

2.1 Pathology 
Articular cartilage has been the focus of research into OA for decades and the literature is 
extensive. The role of the chondrocytes has been reviewed [Hunziker, 2002], and some key 
features are also briefly summarized. The mechanical properties of cartilage, including 
viscoelasticity and high resistance against load and shear stress, are controlled through the 
metabolic balance within the matrix collagen–proteoglycan network. Water is the main 
composite (60–80%) of the extracellular matrix [Armstrong & Mow, 1982; Mankin & 
Thrasher, 1975; Sandell & Hering, 2001]. Proteoglycans induce a high osmotic pressure and 
have a high water binding capacity. Between 5 and 10% of the cartilage mass are 
proteoglycans, mostly aggrecan [Eyre, 2002]. Collagen (90% collagen type II) is responsible 
for the high resistance against tensional forces. Collagen type II contributes to up to 60% of 
the dry weight [Mayne, 1989]. During inflammation or slow degeneration, the homeostasis 
within the collagen–proteoglycan network in the chondral matrix is disordered [Sandell & 
Hering, 2001].  
Theoretical and computational analyses of the contact response of cartilage under various 
loading conditions have predicted that more than 90% of the load transmitted across 
articular layers is supported by the pressurized interstitial fluid, with the remnant 
contributed by the collagen-proteoglycan solid matrix. Since the pressure of this fluid is a 
hydrostatic stress, and since cartilage has been shown to be nearly incompressible at 
physiological levels of pressures, it has become evident that the interstitial fluid shields the 
solid matrix from excessive deformations [Park et al., 2003; Soltz & Ateshian, 1998]. 

2.2 Thermal analysis 
Thermal analysis comprises a group of techniques in which a physical property of a 
substance measured as a function of temperature, while the substance is subjected to a 
controlled temperature programme. Differential scanning calorimetry (DSC) and 
thermogravimetric (TG) analysis have been widely used for determining 
physicochemical transformations that occur during thermal degradation [Bihari-Varga 
1982; Collett & Brown, 1998]. These techniques measure net changes in enthalpy and 
weight as a result of many reactions taking place simultaneously and are particularly 
useful for indicating the temperature range and the rate of thermal processes as well as 
giving considerable information on physical and chemical changes [O'Neill, 1964; 
Richardson, 1997]. Not many papers have been published on the thermal properties of 
human hyaline cartilage. 
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Understanding the response of drugs and their formulations to thermal stresses is an 
integral part of the development of stable medicinal products. Thermal analytical methods 
have thus become important tools for the development of modern medicines. These are 
precise and accurate techniques with low sample requirements, and can provide detailed 
information about new chemical entities even at the very earliest stages of drug discovery 
and development [Clas et al., 1999]. 

2.2.1 Thermogravimetry 
Thermogravimetric analysis (TGA) is an analytical technique used to determine a material’s 
thermal stability and its fraction of volatile components by monitoring the weight change 
that occurs as a specimen is heated [Gill, 1992]. The measurement is normally carried out in 
air or in an inert atmosphere, such as Argon, and the mass is recorded as a function of 
increasing temperature. Sometimes, the measurement is performed in a lean oxygen 
atmosphere (1 to 5% O2 in N2 or He) to slow down oxidation. In addition to mass changes, 
some instruments also record the temperature difference between the specimen and one or 
more reference pans (differential thermal analysis, or DTA) or the heat flow into the 
specimen pan compared to that of the reference pan (differential scanning calorimetry, or 
DSC). The latter can be used to monitor the energy released or absorbed via chemical 
reactions during the heating process. 
In most cases, TG analysis is performed in an oxidative atmosphere (air or oxygen and inert 
gas mixtures) with a linear temperature ramp. The maximum temperature is selected so that 
the specimen mass is stable at the end of the experiment, implying that all chemical 
reactions are completed (i.e., all of the carbon is burnt off leaving behind metal oxides). This 
approach provides two important numerical informations: ash content (residual mass, Mres) 
and oxidation temperature (To). While the definition of ash content is unambiguous, 
oxidation temperature can be defined in many ways, including the temperature of the 
maximum in the weight loss rate (dm/dTmax) and the weight loss onset temperature (Tonset). 
The former refers to the temperature of the maximum rate of oxidation, while the latter 
refers to the temperature when oxidation just begins. The ability of TG to generate 
fundamental quantitative data from almost any class of materials, has led to its widespread 
use in every field of science and technology [Riesen, 1998; Rouquerol, 1989]. 

2.2.2 Calorimetry 
Differential scanning calorimetry (DSC) is a thermoanalytical technique for measuring the 
energy necessary to establish a nearly zero temperature difference between a substance and 
an inert reference material, as the two specimens are subjected to identical temperature 
regimes in an environment heated or cooled at a controlled rate. In heat-flux DSC, the 
sample and reference are connected by a low-resistance heat-flow path (a metal disc). The 
assembly is enclosed in a single furnace (Fig. 1). 
Enthalpy or heat capacity changes in the sample cause a difference in its temperature 
relative to the reference; the resulting heat flow is small as compared to that of in differential 
thermal analysis (DTA) because the sample and reference are in good thermal contact. The 
temperature difference is recorded and related to enthalpy change in the sample using 
calibration experiments [O'Neill, 1964]. 
DSC is a frequently preferred thermal analytical technique because of its ability to provide 
detailed information about both the physical and energetic properties of a substance. This 
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information cannot be obtained accurately, easily, or quickly using any other technique. 
With the development of sophisticated, modulated temperature programs, it is likely that 
DSC will retain its place at the forefront of the pharmaceutical thermal analytical sciences 
for some time to come [Clas et al., 1999]. 
 

 
Fig. 1. Heat flux DSC (S: substance, R: reference material) 

Calorimetry can be used to determine most thermodynamic properties; e.g. enthalpy 
changes for reactions (ΔH) or phase changes. Calorimetry can also be used for qualitative 
and quantitative analyses. ΔH can often be determined for an unknown reaction in a 
complex system, and the value of ΔH can then be used to assist in identifying the reaction 
[Jones, 1997]. Since calorimetry directly measures the instantaneous rate of the process, 
calorimetry is a particularly advantageous method for determination of the kinetics of slow 
processes. Calorimetric parameters provide a description of the system as a function of the 
experimental variables. Calorimetric data can also be used to gain fundamental insight into 
a process or property of a material [Hansen & Russell, 2006]. 

2.3 Thermal analysis of biological systems 
Biological samples are often expensive and scarce due to the difficulty of their isolation and 
purification [Collett & Brown, 1998; Privalovand & Plotnikov, 1989]. The biological system 
represents an aqueous environment and the water present in the specimen limits the 
amount of sample that can be investigated, when studying the bulk properties of a sample. 
Analysis of the conformational and structural changes of molecules requires the solutions to 
be sufficiently dilute so that the inter-molecular contributions can be ignored. Advantages of 
thermal analysis in biological studies: the thermal behavior of tissues, as opposed to tissue 
components, can be readily studied by thermal analysis. No preparation procedures are 
required and so the basic molecular structures can be preserved for the analysis [Burroughs 
et al., 1980]. Initially, thermal transitions were only used to gain insight into the structures of 
compounds, but subsequently, applications have also been extended to give physiological 
data [Collett & Brown, 1998; Melchior & Steim, 1976]. These interactions are probably best 
studied by thermodynamic methods. Of all the thermal analysis techniques applied to 
biological samples, DSC and TGA are the most commonly used. These applications of 
thermal analysis to the study of biological systems have obvious medical advantages 
[Melchior & Steim, 1976]. 
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2.4 Thermal analysis of connective tissue 
Connective tissue may be classified as a semifluid gel in order to explain its properties and 
functions. Thermal analysis of the material requires no preparation procedures. The material 
could thus be studied without complicated purification procedures which means that the 
basic molecular structure can be preserved [Bihari-Varga, 1982]. Bihari-Varga concluded 
that connective tissue, like other tissue, shows considerable changes as the body passes to 
older age, and that, it is affected by pathological conditions. The study revealed that both 
the amount of structurally bound water and the concentration of glycosaminoglycan's 
(GAG) decrease significantly with age in various types of connective tissues.  
More than 35 years ago in Bihari-Varga’s experiments [Bihari-Varga et al., 1975] complex 
thermoanalytical methods [Paulik et al., 1958] were applied to study various collagen-
proteoglycan-glycoprotein complexes prepared from different connective tissues. Thermal 
analysis was successfully used in their investigations for the quantitative determination of 
polysaccharides, for the characterization of protein structure, and for the estimation of age-
related [Simon et al., 1969] and pathological [Biró & Bihari-Varga, 1972] changes in 
proteoglycan- and collagen-containing biological tissues. The study was extended to 
investigate the effect of drugs on the osteoarthritic tissue [Farkas et al., 1974]. 
More recently, thermal stability and structure of cancellous bone mineral from the femoral 
head of patients with OA or osteoporosis (OP) was investigated by Mkukuma et al. 
[Mkukuma et al. 2005]. Thermogravimetric analysis was linked to mass spectrometry (MS) to 
investigate the thermal decomposition of the matrix and hence its mineral content. Thermal 
stability of the bone matrix or the mineral phase alone, was little altered by disease, though 
OA bone contained less mineral than OP or control normal bone [Mkukuma et al. 2005]. 

2.5 Cartilage water content 
Simple collagen-water systems have been examined with nuclear magnetic resonance 
(NMR) spectroscopy. It was shown that water molecules exist either as bulk water or as 
interior hydration water molecules [Chae et al., 2009]. Water within collagen fibrils consists 
of molecules involved in both inter- and intrahelical hydrogen bond formation. Based on a 
single endothermic DSC peak in cartilage, Bagratashvili et al. [Bagratashvili et al. 1997] 
found that the proportion of bound water in cartilage is around 4% using differential 
microcalorimetry and FTIR spectroscopy. Water diffusion through the tissue and from 
bound to free water transformation controlled water molecule liberation and adsorption. 
Alternating breakage and reformation of weak bonds between water molecules and 
proteoglycans directs movement of water in cartilage tissue. Both the extrafibrillar and most 
of the intrafibrillar water is freely exchangeable and behaves towards small solutes as 
available water has been independently shown by Katz and Li [Katz & Li, 1973] for other 
collagenous tissues. Furthermore Maroudas and Schneiderman have shown that the very 
major fraction of cartilage water is free, therefore the water in cartilage is completely 
exchangeable under a variety of experimental conditions [Maroudas & Schneiderman, 1987]. 

3. Experimental 

3.1 Materials 

3.1.1.1 Patients 

In order to conduct the thermoanalytical study, 23 samples were collected from live 
surgeries of OA patients between October 2005 and April 2006. During hip arthroplasty 
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procedures performed at the Orthopedic Department, University of Szeged, 16 OA human 
hyaline cartilage samples and normal cartilage from 7 knee were obtained. There was no 
clinical meaningful difference in age between OA patients (64 ± 5.2) and controls (61 ± 4.2). 
There were no considerable sex differences between OA patients (75% females) and controls 
(70% females); Chi-square P = 0.54. 
Usually, total knee arthroplasty is performed in OA of both medial and lateral knee 
compartments. When only one compartment is affected and ligamental stability is intact, 
unicondylar prosthesis is implanted. We were able to obtain normal cartilage samples 
from those patients where one compartment of the same knee was degenerated, and the 
other one was normal. Therefore, the unaffected femoral condyle had to be sacrificed for 
the procedure because ligamental instability was the indication for total knee 
arthroplasty. 

3.1.1.2 Patients grading 

Preoperatively, the diagnosis of the patients were established on the basis of the patient 
history, clinical signs, laboratory tests, and radiological findings. The state of the hyaline 
cartilage was determined intraoperatively. All patients in the osteoarthritic group were 
considered to be 5-6 articular surface degeneration by Osteoarthritis Research Society 
International (OARSI) grade. OARSI Grade 5-6 OA is characterized by deformation and 
change in the contour of the articular surface [Pritzker et al., 2006]. This results not only 
from articular plate fractures, but also from increased metabolic activity of the articular bone 
plate, as well as from activation of connective tissue at the lateral and, sometimes, central 
cartilage/bone interfaces. Samples were considered to be normal when hyaline articular 
cartilage was uninvolved with OA (OARSI Grade 0). In these results, the cartilage surface is 
smooth, no enlargement, distortion, and no proliferative changes are observed. 

3.1.1.3 Human sample preparation for thermal analysis 

After the operation, a disc (5mm in diameter) was removed from the unhealthy and healthy 
cartilage surfaces. The samples were taken under sterile conditions, excess bone was 
removed, and only the remaining full thickness cartilage was used. The disc was first 
washed in sterile saline, then stored in 20 ml saline for transportation at room temperature. 
Mean storage time was 6 hours (min: 1 hour, max: 26 hour), 29 samples out of 35 were 
studied within four hours of preparation. Six samples were stored overnight at 5 °C. 
Preemptive control examinations did not show any change in the calorimetric and 
thermogravimetric properties after storage for 26 hours at 5 °C. 

3.1.1.4 Animal model 

Animal experiments were performed at the Physiology Department, Faculty of Medicine, 
University of Szeged. Adult male Wistar rats (Charles River strain; Bioplan, Budapest, 
Hungary), weighing 470±6 g were housed individually in ventilated cages on a 12-hour 
day/night cycle at a temperature of 22±1 °C. Water and food were provided ad libitum. The 
experiments were performed in accordance with the US National Institutes of Health 
Guidelines for the Care and Use of Laboratory Animals, and with the approval of the 
Animal Welfare Committee of the University of Szeged. Four groups of animals were 
defined as follows: 
GA, non-osteoarthritic negative control rats injected with saline but pre-treated with oral 
glucosamine-sulphate; 
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Sham, non-osteoarthritic negative control rats injected with saline and not pre-treated with 
oral glucosamine-sulphate; 
MIA, rats injected with monosodium iodioacetate and not pretreated with oral glucosamine-
sulphate; 
MIA+GA, rats injected with monosodium iodoacetate but pretreated with oral glucosamine-
sulphate. 

3.1.1.5 Compounds 

Monosodium iodoacetate was obtained from Sigma-Aldrich Kft. Budapest and dissolved in 
0.9% NaCl (Baxter) solution to get the required concentrations. 
Glucosamine sulphate was supplied by Rottapharm S.p.A., Italy. 

3.1.1.6 Induction of osteoarthritis 

Animals were briefly anesthetized with an isoflurane/O2 gas mixture and the left knee was 
shaved and disinfected with 70% ethanol followed by povidone-iodide. Osteoarthritis was 
induced by the intraarticular injection of 50 μl of 40 mg/ml monosodium iodoacetate 
solution using a 300 μl syringe fitted with a 29 G needle, as described earlier [Guingamp et 
al., 1997]. The animals of the GA and Sham groups underwent the same procedure, but were 
injected with 50 μl of 0.9% NaCl solution. 

3.1.1.7 Glucosamine-sulphate pre-treatment 

Glucosamine sulphate solution dissolved in distilled water was administered to the rat 
through a cannula daily for 8 weeks through a gastric tube (500 mg/kg dose per day in 2 ml 
volume). The control group received the same volume of distilled water. The first 
administration was applied two weeks after the MIA injection. 

3.1.1.8 Animal sample preparation 

For sample preparation, the rats were anesthetized and a disc (2 mm in diameter) was 
removed from the unhealthy and healthy cartilage surfaces. The samples were taken under 
sterile conditions, excess bone and adipose tissue was removed, and only the remaining full 
thickness cartilage was used for the experiments. The disc was first washed in sterile saline, 
then stored in 20 ml saline for transportation at room temperature for immediate 
examination. Before the measurements, all water from the surface was removed. Mean 
storage time was 4 hours (min: 1 hour, max: 12 hours), all samples were examined the same 
day of preparation. Preemptive control examinations did not show any changes in the 
calorimetric properties after storage for 24 hours at 5 °C. 

3.2 Thermal measurements 
The success of the thermal experiments depends on the careful preparation of samples and 
the judicious selection of the appropriate experimental conditions (such as scanning rate and 
sample size). In general, DSC samples are analyzed in small metal pans, designed for 
optimal thermal conductivity and minimum reaction with the samples (for example, 
aluminum alloy, platinum, stainless steel, or silver) [Clas et al., 1999]. For accurate 
quantitative work, the thermal mass of the sample and reference pans were matched. 
The calorimetric properties of samples were determined by DSC method (Mettler-Toledo 
DSC 821e apparatus, Mettler-Toledo GmbH, Switzerland). Samples were heated from 0 to 80 
°C. The heating rate was 0.3 °C/min. Conventional Hastelloy batch vessels were used with 
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40 μl sample volume. All the DSC measurements were preceded in Ar atmosphere, and the 
flow rate was 100 ml/min. From the DSC curves, the decomposition temperature (onset 
temperature), the transition temperature range (endset temperature), and the total 
calorimetric enthalpy change were calculated. Well-defined standards and calibration 
procedures are particularly important, therefore high care was taken in calibrating the 
instrument as close to the transition temperatures of interest as possible. 
The thermogravimetric analysis was performed with the use of a MOM Derivatograph 
(MOM, Budapest, Hungary), and the TG, DTG, and DTA curves were determined. The 
temperature (T) curve shows the linear increase of temperature during the process. DTG 
curve represents the first derivative of the mass change [Riesen, 1998; Rouquerol, 1989]. 
Heating was linear from 25 to 150 °C and the rate of heating was 5 °C/min. Al2O3 was used 
as reference material. In the first step, the total water loss and kinetic parameters were 
calculated. The kinetic parameters calculated by the derivatograph are the following: the 
reaction order (n), the activation energy (Ea), and the pre-exponential factor (A) [Arnold et 
al., 1987]. 

3.3 Statistics 
SPSS for Windows statistical program was used to compare enthalpy changes in the 
different groups. Data are presented as mean, ±SD, ±SEM. Statistical significance was 
assessed by the unpaired two t-test and the level of confidence interval. The results were 
considered significant, if p < 0.05. 

3.4 Ethics 
All tissues were yielded in accordance to legal regulation, international ethical concerns, and 
patients’ consent. The Human Investigation Review Board of the University of Szeged has 
decided (2006.09.18.) that the experiments comply with the ethics of research and the 
declaration of the Medical World Federation. 

4. Results 

4.1. Human hyaline cartilage study 
4.1.1 Thermogravimetry 
TG, DTG and DTA curves of the normal samples are presented on Fig. 2. Many information 
can be obtained from the T, TG, DTG and DTA curves. The temperature (T) curve shows the 
linear increase of temperature during the process. 
It was found, that the average total water content of intact (normal) cartilage is 81%, which 
was probably the interstitial water. To remove the cartilage extracellular water content, 52 
kJ/M energy was needed. 
Total water content of the OA samples was 87%, and 73 kJ/M energy was used for the 
removal of the fluid content (Table 1 and Fig. 3). 
Loss of water content in both groups are presented with a sharp step on the TG curve, 
starting on average temperature of 37 °C and ending at 116 °C. Linear part of the TG 
curve begun at around 57 °C and ended at around 104 °C (Table 1). Placing a line on this 
portion of the curve, the slope of the curve can be calculated which represents the speed 
of the water content loss (Table 2). The slope of the linear region correlated in both 
groups. 
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Fig. 2. Thermogravimetric curves of a normal sample 
 

 
Fig. 3. Thermogravimetric curves of an osteoarthritic sample 

 
Sample 
group 

Sample 
number 

TG step 
(C) 

Total mass loss (%) 
(p=0.05) 

Eact 
(kJ M-1) 

Normal 7 39.1-113.8 
80.79 
SD: 7.09 

52.33 
SD: 6.68 

OA 16 36.4-121.9 
86.71 
SD: 7.84 

72.72 
SD: 23.46 

Table 1. Average mass loss and activation energy of normal and degenerated samples. 
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In case of the normal hyaline cartilage, 0.196 mg of fluid content release was observed 
(average mass of the normal samples was 15.48 mg) with increase of temperature by 1 °C, 
therefore 1.3% °C-1 loss was detected. In the osteoarthritic samples (average mass: 17.02 
mg), 0.242 mg decrease was measured which represents 1.4% °C-1 mass reduction. The 
resulting amount of mass lost in the linear region was recounted from these results 
(Table 2). 
 

Sample 
Group 

Sample 
number 

TG step linear 
region (C) 

Mass loss 
(%) 

Reaction order (n) 
Slope of linear 
region 

Normal 7 62.67-102.25 -51.45 
1 
SD: 0.203 

-0.039 

OA 16 58.0-104.6 -65.24 
1.03 
SD: 0.27 

-0.048 

 

Table 2. Reaction kinetic parameters of normal and degenerated samples. 

4.1.2 Calorimetry 
With the rise of temperature, an endothermic reaction was observed in all of the cases 
(Fig. 4). The enthalpy change of the process initiated by the temperature change showed 
noticeable difference between the normal and pathological groups. (Table 3) 
 

Sample 
group 

Sample 
number 

H 
(J/g) (-) 

DSC peak 
(C) 

Beginning 
(C) 

Ending 
(C) 

Normal 7 
788.346 
SD: 83.181 

50.18 
SD: 3.31 

32.5 
SD: 3.45 

57.09 
SD: 5.35 

OA 16 
543.838 
SD: 88.572 

50.34 
SD: 2.937 

33.8 
SD: 4.3 

33.8 
SD: 4.3 

 

Table 3. Thermal parameters of denaturation (mean ±SD) of normal and degenerated 
samples. 

Greater change in the enthalpy was observed in normal cartilage: 788.346 J/g 
(SD = 83.18). In case of osteoarthritis 543.838 J/g (SD = 88.57) was measured (Table 3). 
Therefore, denaturation caused by heating was larger in the normal human hyaline 
cartilage. Consequently these samples required the largest amount of energy for 
decomposition. Statistical tests proved these calculations to be significant (Fisher LSD 
method, p<0.05). Denaturation peak in normal cartilage was at 50.18 °C (SD = 3.31),  
and it was similar in osteoarthritis 50.34 °C (SD = 2.93). to that of the control results  
(Fig. 4). 

www.intechopen.com



  
Osteoarthritis – Diagnosis, Treatment and Surgery 

 

38

 
Fig. 4. DSC curve of normal and osteoarthritic human hyaline cartilage samples, the average 
change in the enthalpy in normal cartilage: 788.346 J/g (SD = 83.18) and OA 543.838 J/g  
(SD = 88.57) respectively. (The downwards deflection means endothermic effect) 

4.2 Animal model 
With the rise of temperature an endothermic reaction was observed in all of the cases 
(Figure 5).  
 

 
Fig. 5. DSC curve of cartilage samples. (the downwards deflection means endothermic effect) 
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The enthalpy change of the process initiated by the temperature change did show marked 
difference between the normal and pathological groups (Table 4). 
 

Sample 
group 

Sample 
Number 

H 
(kJ/kg) 

Sham 7 
-783.65 
SD: 63.44 
SEM: 23.98 

GA 8 
-848.86 
SD: 177.53 
SEM: 62.77 

MIA 8 
-1150.19 
SD: 137.63 
SEM: 48.66 

MIA+GA 7 
-1402.92 
SD: 90.74 
SEM: 34.29 

Table 4. Thermal parameters (mean, ±SD, ±SEM) of all samples 

Change in enthalpy was observed in normal cartilage at -783.65 kJ/kg (SD = 63.44), and in 
case of pre-treatment with Glucosamine-sulphate, a slight increase was seen at -848.86 kJ/kg 
(SD = 177.53). In the non-treated OA samples (MIA), the change of enthalpy was -1150.19 
kJ/kg (SD = 137.63). Further increase of the thermal parameters was measured in the OA 
group that was pre-treated with Glucosamine-sulphate (MIA+GA) -1402.92 kJ/kg (SD = 
90.74). Therefore, enthalpy change caused by the loss of water content by heating was lower 
in the normal samples than in the OA sample groups. 
The ΔH mean value of the normal samples statistically did not differ significantly from the 
treated normal group (p=0.3752). On the other hand, statistically extremely significant 
difference (p<0.0001) was observed when the calorimetric properties of the normal non-
treated hyaline samples were evaluated against either the MIA or the MIA+GA groups. 
(Table 5) Furthermore, even the low end of the confidence interval represents a difference 
large enough to be considered biologically important. 
 

Compared groups 95% confidence interval (from-to) two-tailed P value 

Sham/MIA -489.3105 to -243.7645 < 0.0001 

Sham/MIA+GA -710.4533 to -528.0925 <0.0001 

MIA/MIA+GA -385.0286 to -120.4421 0.0012 

Table 5. Statistical parameters 

Further analysis showed additional statistically significant (p<0.0012) increase in the mean 
value of the enthalpy change of the non-treated OA group to the treated OA groups. But the 
size of the confidence interval range difference is inconclusive (Table 5). 
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5. Conclusion 

OA development takes place in consecutive steps of breakdown and attempted 
regeneration. Though the comprehension about OA has grown enormously over the last 
years, there is still need to extend our knowledge about the basic context of OA genesis and 
development. Several biochemical and biomechanical factors are considered for the 
pathogenesis [Abramson & Attur, 2009]. The data up to date show, however, that OA is a 
very complex disease procedure, and it can be speculated, that the context leading to the 
progressive process is not finally resolved. There might still be molecules involved which 
have not yet been studied or even identified [Kumar et al., 2001]. 
OA is widely believed to result from local mechanical factors acting within the context of 
systemic susceptibility [Goldring & Goldring, 2007]. Molecular pathology of osteoarthritis is 
under intense investigation since biomechanical factors result in chemical alteration within 
the joint. Rearrangements of intra- and intermolecular bonds in collagen molecule and 
disaggregation of proteoglycans and their elimination from OA cartilage found to be 
responsible for water accumulation [Loeuille et al., 2002]. It was also shown that the most 
part of water is free water and its quantity is increased in the osteoarthritis of the hyaline 
cartilage [Nikolaeva et al., 2000]. 
We observed increase in water content of the cartilage matrix in all cases of the investigated 
degenerative cartilages [Sohár et al., 2007]. Based on our results, it can be stated that water 
content is higher in impaired samples, meanwhile water interstitial bonding was stronger in 
these cases. Rise in water adherence was well distinguishable since higher energy was 
needed for removal. Activation energy correlated considerably with water content in the 
samples. Denaturation caused by heating was larger in the normal cartilage than in the 
diseased ones, therefore normal samples required larger amount of energy for 
decomposition [Tóth et al., 2007]. 
The purpose of our study was also to clarify the previously reported studies in the literature 
[Than & Kereskai, 2005]. By acquiring normal cartilage from live surgery and by performing 
the investigation in a relatively short period of time compared to the earlier reports [Sohár et 
al., 2007; Than et al., 2004; Than & Kereskai, 2005], similar sample environment was 
provided as with the degenerarative samples. This way, we minimized the extracorpal 
degeneration. All samples we used showed a clear denaturation peak on the calorimetric 
curve, therefore volume of the curve was easily calculated giving the enthalpy change of the 
sample. These changes correlated with the water content of the samples. Due to the 
increased number of samples acquired for our studies, the results were much better 
reproducible than results in the literature, and the difference between the normal and 
diseased samples was significant [Sohár et al., 2007; Tóth et al., 2007]. 
The newly established thermogravimetric protocol that we used was sufficient for 
compositional thermoanalytical study of normal and degenerative human hyaline cartilage. 
Water content elevation contributing to disease progression was observed in OA. 
Previously, this method has not been used for this type of investigations. The main goal of 
the thermogravimetric measurements was to identify the nature and quantity of water 
molecules in the investigated samples. Water molecules’ binding mode may have an 
important consequence in pharmacokinetics. The reaction order turned out to be 
approximately 1 in all the cases (normal and OA), and the standard deviation was low 
(Table 2). The TG curve’s slope of the linear region showed, that the rate of water loss 
depends on the water amount remaining in the tissue. Comparing the data in the presented 
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tables (Tables 1, 2) (Total mass loss: normal: 80.79% and OA: 86.71%), it can be concluded 
that the higher water content in the degenerative samples bound stronger to the matrix. 
However, the reaction order and the slope of the linear region correlated in both groups. 
This first order kinetic means that the rate of water loss depends on the water amount 
remaining in the tissue, namely if the amount of water decreases in the tissue, the rate of 
loss also decreases. 
DSC as part of thermal analysis was a reliable method for differentiating normal hyaline 
cartilage from degenerated samples. The available calorimeter proved to be adequate for 
these measurements. DSC techniques are still developing and many new variants and 
applications are reported each year. Combined techniques [Elder, 1994] with microscopic or 
spectroscopic instruments are of obvious value to the pharmaceutical scientist, although 
commercially available units are not widely used and have limited pharmaceutical 
applications. With the rapid development of atomic and molecular scale microscopy, 
hyphenated micro-thermal analysis techniques, such as atomic force microscopy-DSC, are 
also becoming commercially available. There may be many future applications of micro-
DSC measurements to pharmaceutical problems, although these are likely to be limited to 
basic research applications in the next few years until the full potential of the technique has 
been demonstrated. 
Our study has had several limitations, as many other studies on OA. First, the sample size 
was not large enough to arrive at definitive conclusions. Additional measurements are 
needed to affirm the results of our study. Secondly, we investigated those patients for 
normal cartilage samples of the knee, who underwent surgery for the other compartment 
OA. This was the only ethical and technical way of acquiring normal tissues from living 
persons for our experiments. Previous thermoanalytical studies used cadaver samples for 
the investigation as normal human hyaline cartilage. All samples that were extracted for our 
studies were obtained during live surgeries and were macroscopically intact [Sohár et al., 
2007; Tóth et al., 2007].  There is no previous report in the literature of examining normal 
cartilage from live surgery. Only full thickness cartilage was used for the normal analysis. A 
new protocol had to be established before the detailed investigation of human tissues could 
be performed. Most of the known changes in the extracellular matrix in OA come from 
animal models in the literature since human samples for investigation are not widely 
available for experiments. 
The promise of biomarkers has yet to be fulfilled in OA. Although numerous clinical studies 
have suggested that specific biomarkers or their combinations can have predictive value in 
terms of the presence and severity of the disease [Poole, 2003]. The wide variability in these 
values limits their use for individual patients. Whereas, the use of thermal analysis could be 
a simple and effective method for controlling the relationship between these markers and 
disease progression. The revised protocol for sample taking during live surgeries eliminates 
the presence of disturbing substances during the examination. 
Characterization of the altered metabolism in cartilage that promotes disease progression 
should lead to future treatment options that can prevent structural damage. Since damaged 
articular cartilage has a very limited potential for healing, prevention is fundamental in 
treatment. However, prevention is not possible without the knowledge of the basic 
pathomorphological mechanism leading to cartilage degeneration. With better 
understanding of the exact amount of water in matrix and its binding characteristics, 
preventive measures can be developed. These therapeutic steps can be adequately tested 
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and monitored with thermal measurements. The use of these methods can also determine 
the effectiveness of currently used medications (Glucosamin, Chondroitin) for resolving 
cartilage matrix degeneration. 
The results of the experimental OA calorimetric examinations showed that physicochemical 
properties of normal samples are clearly statistically different from the MIA induced OA 
groups (treated and non-treated alike). This inequality even at the low end of the 95% 
confidence interval represents a difference large enough to be considered biologically 
important. Therefore, it can be concluded that there is a difference between treatment means 
and that the variation is large enough to be scientifically relevant. Interestingly the rats 
injected with monosodium iodoacetate and pretreated with oral glucosamine-sulphate 
showed significantly higher increase in the value of the enthalpy change than the non-
treated, but OA induced cartilage samples. However, at 95% confidence interval range (from 
-385.0286 to -120.4421) a strong conclusion can not be drawn. Therefore more data needs to 
be obtained to draw a clear conclusion. 
Further understanding of the initiating events in cartilage destruction, the relationship 
between the different pathologic influences, and the role of the chondrocyte in maintaining 
extracellular matrix homeostasis is necessary to reveal potential targets of therapy. Clinical 
trials are currently underway for a number of potential disease modifying agents that may 
significantly change the treatment approach for OA. With the use of disease-modifying OA 
drugs (DMOADs), the necessity for instruments that are sensitive to changes has become 
very apparent in clinical trials [Qvista, 2008]. 
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Osteoarthritis is one of the most debilitating diseases affecting millions of people worldwide. However, there is

no FDA approved disease modifying drug specifically for OA. Surgery remains an effective last resort to

restore the function of the joints. As the aging populations increase worldwide, the number of OA patients

increases dramatically in recent years and is expected to increase in many years to come. This is a book that

summarizes recent advance in OA diagnosis, treatment, and surgery. It includes wide ranging topics from the

cutting edge gene therapy to alternative medicine. Such multifaceted approaches are necessary to develop

novel and effective therapy to cure OA in the future. In this book, different surgical methods are described to

restore the function of the joints. In addition, various treatment options are presented, mainly to reduce the

pain and enhance the life quality of the OA patients.
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