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Summary



Osteoarthritis is a common geriatric disease and estrogen may play an important role in this disease. Estradiol may cause chondrocyte damage as suggested by in vitro and in vivo data. One of the possible mechanisms of estradiol-induced chondrocyte damage was thought to be related to free radicals. Whether catalase, a known free radical scavenger, can prevent estradiolinduced chondrocyte damage was tested using a chondrocyte culture system. The results of this study suggest that catalase can significantly reduce the estradiol-induced damage to chondrocytes. Apparently, catalase alters the molecular structure of estradiol as indicated by the absorption spectrum of estradiol with time. The modified estradiol may decrease its toxicity to the chondrocytes. However, the contents of free radicals in the treated chondrocytes have no significant difference from the untreated control cells. Studies to further investigate the mechanism or prevention of estradiol-induced chondrocyte damage in osteoarthritis are warranted. Key Worak
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Osteoarthritis (OA) is a very common geriatric disease (1). The etiology of OA is multifactorial and estrogen may be one of the etiological factors as suggested by our previous studies (l-5). In animal study, injection of estradiol into the knee joints could induce cartilage damage that was similar to cartilage lesions found in human OA [l]. On the other hand, treatment with tamoxifen, an estradiol antagonist, could prevent estradiol-induced damage to the cartilage (2). In women with OA, excessive estradiol may be responsible for and possibly predispose some women for OA (2). Synovial estradiol levels were significantly higher in OA Address correspondence to: Professor Fung-Jou Lu, Department of Biochemistry, College of Medicine, National Taiwan University, Sec. l,Jen-Ai Road,Taipei, Taiwan, ROC. Tel: 886-2397-0800 ext.8208, Fax : 886-2-321-4559, E-mail: [email protected]
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patients than in control subjects, and higher estrogen receptor bindings were found in the more severe OA lesions (4). These in viw and II? vitro data indicate that estradiol may cause chondrocyte damage The mechanism of estradiol-induced chondrocyte toxicity was thought to be related to free radicals. Estradiol could directly react with cytochrome P-450 reductase to produce semiquinone, which was then transformed into quinone, and superoxide radicals (6,7). The superoxide radicals will react with oxygen molecules to form reactive oxygen species (ROS). The free radicals, including superoxide radicals and ROS, could mediate chondrocyte cytotoxicity and possibly cartilage damage (6,s) If estradiol-induced chondrocyte toxicity is mediated through free radical production, addition of free radical scavengers (FRS), such as catalase, superoxide dismutase (SOD) and mannitol, should inhibit free radical damages, and prevent the estradiol-induced chondrocyte toxicity. Catalase, a FRS, was reported to be effective in the prevention of chondrocyte damage induced by hydrogen peroxide produced by polymorphonuclear leucocytes (9) Whether catalase can prevent estradiol-induced chondrocyte damage has not been reported. This study is to investigate the efficacy of FRS in the prevention of estradiol-induced chondrocyte damage, using a chondrocyte culture system Materials and Methods Isolation and culture of rabbit chondrocytes Inbred New Zealand white rabbits of 2 5-3 0 kg were used to obtain the cartilage for chondrocyte culture. The joint cartilage was scraped off by a microtome blade and treated with digestive solution (0.05% hyaluronidase, 0 2% trypsin and 0.2% type 11 collagenase in Dulbecco’s Modified Eagle’s Medium, DMEM ) at 37°C for 12 hours Fetal bovine serum was added and the reaction mixture was centritiged (600Xg). The cell pellet was washed once with DMEM. Cell concentration co2 (IO).



was adjusted to 1 X IO” cells/ml and incubated at 37°C) 8%



Effect of estradiol and FRS on chondrocyte culture Chondrocytes were seeded at 2 X IO5 cellsi25cm’ flask for 24 hours. Estradiol (0, 0.1. I and IO PM) with or without SOD (250 units/ml), catalase (I ,500 units/ml), mannitol (250 mg/ml) or SOD and catalase were added to the chondrocytes and incubated at 37°C for 5 hours. Chondrocyte culture without estradiol or FRS was used as control. Percentage chondrocyte survival was assayed by Coulter Counter (model ZM System). Measurement



of lipid peroxidation seeded at 5 X IO5 cells/well for 24 hours and treated with estradiol (35 mM) at 37OC for 5 hours. Chondrocyte culture without estradiol was used as control. Chondrocytes were treated with hypotonic buffer (pH 7.2) to fracture the plasma membrane Content of lipid peroxide in the cell homogenate was determined by phosphotungstic acidsulfuric acid method (11).



Chondrocytes



were



Effect of estradiol on catalase activity Catalase activity, with or without estradiol (0, 10, 20, 40 and 70 PM) at 37 ‘C for 3 hours, was determined by the reaction with 0.1 N sodium perborate in 50 mM potassium phosphate buffer
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using the spectrophotometric assay (12). The temperature was kept at 25”C, and the optical density (OD) at 220 nm was measured every 30 seconds for 3 minutes. Effect of catalase on estradiol activity Estradiol (35 PM) was incubated with and without catalase (1,000 units/ml) for 1, 2, 3 and 4 hours. A wide-range absorption spectrum (200-800 nm) of estradiol as well as that of catalase were determined by the spectrophotometric method. Statistical analysis The effects of FRS on estradiol-mediated chondrocyte toxicity, the effects of estradiol catalase activity and the effect of catalase on estradiol were assessed by Student’ s t test.



on



Results and Discussion Catalase prevents chondrocyte death from estradiol treatment. Our previous studies demonstrated that direct injection of estradiol benzoate into the knee joint of oophorectomized rabbit could result in cartilage damage that was similar to the OA lesion found in human cartilage (1). The use of tamoxifen can prevent estradiol-induced cartilage damage in an animal model (2). To test the direct effect of estradiol on chondrocytes, a primary chondrocyte culture prepared from rabbit joints was used for this study. When the medium contained about 10 uM of estradiol, only one-third of the chondrocytes survived (Fig. 1). However, the lower dose of estradiol had little or no effect at all. This result is consistent with the notion that localized high concentration of estrogen-induced damage of cartilage. Catalase was reported to be effective in the prevention of chondrocyte damage induced by hydrogen peroxide produced by polymorphonuclear leucocytes (9). To test whether catalase can prevent estradiol-induced chondrocyte damage, the media were supplemented with 1,500 units/ml of catalase. The survival of chondrocytes increased from 35% to 75% (p 
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