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Abstract

:

Featured Application


The combination of palm tocotrienol-rich fraction and glucosamine sulphate could be useful in reducing cartilage damage and improving knee function in osteoarthritic condition.




Abstract


Background: Osteoarthritis is a degenerative joint disease lacking disease-modifying therapeutic agents. This study aimed to compare the effects of palm tocotrienol-rich fraction (TRF), glucosamine sulphate, and both agents combined in rats with osteoarthritis induced by monosodium iodoacetate (MIA). Methods: Thirty adult male rats were randomized into normal control, and osteoarthritis groups were treated orally daily with vehicle, palm TRF (100 mg/kg), glucosamine sulphate (250 mg/kg), and both agents combined for 4 weeks. Body weight and grip strength were measured weekly. After being sacrificed, the joints and blood were harvested for histology and serum cartilage oligomeric matrix protein (COMP) levels. Results: The body weight of the rats receiving treatment rebounded significantly after an initial reduction (vs osteoarthritic control, p < 0.05). The rats receiving combined treatments showed significantly better grip strength than the osteoarthritic control and individual treatment groups (p < 0.05). The serum COMP level was lower in all the treated groups (vs osteoarthritic control, p < 0.05). Cartilage histology of the treated rats was not significantly improved (vs osteoarthritic control, p > 0.05). Conclusion: The combination of palm TRF and glucosamine sulphate was more effective than individual agents in improving the grip strength of the rats, but the cartilage damage might need more time to heal.
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1. Introduction


Osteoarthritis is a local inflammatory joint disease marked by cartilage degeneration, synovitis and altered subchondral bone remodelling. Pathological changes in other parts of the joints, including ligaments, meniscus and infrapatellar fat pad, are also reported [1,2]. Patients with osteoarthritis often suffer from joint swelling, tenderness and pain, limiting the joint motion [3,4]. According to the Global Burden of Disease Study in 2019, the worldwide prevalence of osteoarthritis was 528 million, representing a 27.5% increase from 2010 [5]. Although osteoarthritis does not contribute to mortality directly, it was the top 15th major contributor of years lived with disability globally in 2019 [5]. If it is not managed appropriately, patients with late-stage osteoarthritis will undergo costly and invasive total arthroplasty associated with possible side effects, such as infection and bleeding [6].



The conventional pharmacological treatment agents for osteoarthritis, such as intra-articular corticosteroid and hyaluronan injections and oral analgesics, place emphasise on relieving the patients’ symptoms [7,8]. Glucosamine sulphate, a substrate for proteoglycan synthesis, is one of the common alternative agents used for preventing osteoarthritis [9]. Multiple meta-analyses have reported that glucosamine sulphate could reduce pain due to osteoarthritis, with limited effects on patients’ knee functions [10,11]. In addition, glucosamine sulphate exerts potent anti-inflammatory properties by suppressing translocation of nuclear factor kappa B and facilitating the degradation of cyclooxygenase enzyme [12].



Tocotrienol is a group of less common tocochromanols (Vitamin E), with four isomers (α, β, γ, and δ-tocotrienol) based on the position of the side chain. It can be found abundantly in palm oil, annatto bean and rice bran in varying composition [13]. Tocotrienol and its metabolites possess biological activities, notably anti-inflammatory effects [14]. The joint protective effects of vitamin E have been widely reported (summarised in [15]). Some previous studies have reported that γ-tocotrienol [16], δ-tocotrienol [17] and palm TRF [18] protect against inflammatory arthritis and rheumatoid arthritis in rats. However, only one animal study ever reported the effectiveness of annatto tocotrienol rich in δ-tocotrienol in preventing cartilage and subchondral bone changes [19]. Palm TRF supplementation has been attempted in an open-labelled study, with some positive outcomes in pain and functional scores, but joint structural outcomes were not tested [20]. The therapeutic potential of palm TRF in combination with other joint protective agents like glucosamine sulphate has not been assessed previously.



The current study aimed to compare the protective effects of palm TRF, glucosamine sulphate, and the combination of both agents in rats with osteoarthritis induced with monosodium iodoacetate (MIA). The parameters assessed included the body weight, grip strength, cartilage structure and serum cartilage oligomeric matrix protein (COMP) of the rats. It was hypothesised that the combination of palm TRF and glucosamine sulphate would perform better than individual agents in preventing osteoarthritis. This research will pave the way for the development of a better pharmacological regimen for reducing the morbidity caused by osteoarthritis.




2. Materials and Methods


2.1. Preparation of Treatment Solution


Palm TRF, gifted by Excelvite Sdn Bhd (Chemor, Malaysia), consisted of 12% α, 2% β, 19.3% γ and 5.5% δ-tocotrienol, as well as 11.9% α-tocopherol. The remaining excipient was glycerol. It was diluted with refined olive oil (BertolliTM, Deoleo, Cordoba, Spain) at a ratio of 1:10 for oral administration. Refined olive oil has the least amount of vitamin E and other polyphenols [21] and does not affect the progression of osteoarthritis, as shown in a rat study [19]. Palm TRF was administered at 100 mg/kg body weight as annatto tocotrienol at this dose was shown to prevent cartilage degradation in rats with osteoarthritis [19]. Glucosamine sulphate powder (Rottapharma Ltd. Dublin, Ireland) was dissolved with distilled water to form a solution of 10 mg/mL before oral administration at the dose of 250 mg/kg body weight. This dose was shown to prevent cartilage damage and joint pain in rats with osteoarthritis [22]. MIA was purchased from Sigma-Aldrich (St. Louis, USA). Four mg of MIA was dissolved with 50 µL of normal saline before intra-articular injection [19,23].




2.2. Animal Treatment


The animal handling protocols were reviewed and approved by Universiti Kebangsaan Malaysia Animal Ethics Committee (Approval code: FAR/PP/2018/KOK YONG/26-SEPT./946-JAN.-2019-DEC.-2020). The Malaysian Animal Welfare Act (2015) served as the guideline of animal experimentation in this study.



Three-month-old male Sprague-Dawley rats (n = 30) weighing 250–300 g were obtained from the laboratory animal resource unit of the authors’ institution. They were kept in single pairs per plastic cage at 27 °C and 14/10 h dark/light cycle. Standard rat chow (702P, Gold Coin, Port Klang, Malaysia) and tap water were provided ad libitum. After seven days of acclimatisation, the rats were randomly assigned into five groups (6 rats/group), i.e., normal control (N), osteoarthritis control (O), palm TRF-treated (T), glucosamine sulphate-treated (G), and palm TRF + glucosamine sulphate-treated group (T + G). Osteoarthritis was induced with MIA intra-articular injection at the right knee of the rats using a 26 G needle under anaesthesia (ketamine/xylazine/zoletil cocktails) for all rats, except the normal control group. The oral supplementation (two times per day) was initiated the next day. During the morning session, the G and T + G groups were supplemented with glucosamine sulphate 250 mg/kg/day, while the other group received equivolume of normal saline. During the evening session, the T and T + G groups were supplemented with palm TRF at 100 mg/kg/day, while the other groups received equivolume of refined olive oil (Figure 1). Body weight and grip strength were measured weekly before and after osteoarthritis induction. After the 4-week treatment, the rats’ blood was collected using plain tubes via cardiac puncture under anaesthesia (ketamine/xylazine/zoletil cocktails). The rats were sacrificed during cardiac puncture, and their tibial-femoral knees were collected for analysis.




2.3. Grip Strength Assessment


The inverted screen test was used to measure the grip strength of the rats [24]. The rats were trained for one week before the initial assessment. The rats were placed at the centre of a wire mesh screen 50 cm above a padded surface, which was then inverted with the head of the rats reclining first. The timer was started 2 s after the inversion and stopped when the rats released their grip. The rats were removed if they did not fall after 2 min.




2.4. Histological Assessment


The femurs with intact articular cartilage were fixed in 15% neutral buffered formalin for three days, then decalcified with 5% formic acid (Sigma-Aldrich, St. Louis, MO, USA) for two days, and rinsed with saline for 12 h. Next, they were immersed in an increasing concentration of ethanol (from 50% to 100%) and toluene (50% in ethanol and 100%) before being embedded with paraffin (Leica Biosystem, Wetzlar, Germany). The specimens were sectioned at 8 µm thickness and placed on glass slides. The tissue sections were deparaffinised in xylene and rehydrated in decreasing alcohol concentration (from 100% to 50%) and water. Next, the sections were stained with fast green (ScienCell Research Laboratory, Carlsbad, USA) for 8 min and rinsed with acetic acid (Sigma-Aldrich, St. Louis, MO, USA) for 10 s. This step was followed by Safranin O staining (ScienCell Research Laboratory, Carlsbad, USA) for 30 min. Finally, the sections were dehydrated in increasing concentrations of ethanol (from 50% to 100%), cleared with xylene and mounted for microscopy.



A blinded anatomist assessed the histological slides under a light microscope (Nikon Eclipse 80i, Tokyo, Japan) and scored them using the Modified Mankin’s Scoring System (Table 1) [25].




2.5. Biochemical Assessment


The blood collected was centrifuged for 10 min at 4 °C and 3000 rpm to extract the serum, which was stored at −70 °C before analysis. The serum level of cartilage oligomeric matrix protein (COMP) (Cat: E-EL-R0159, Elabscience, Wuhan, China) was measured using an enzyme-linked immunosorbent assay kit following the manufacturer’s instruction.




2.6. Statistical Analysis


The normality of the data was analysed using the Shapiro–Wilk test. Body weight and grip strength data were analysed with mixed-design analysis of variance with small effect analysis. Serum COMP data were analysed using one-way analysis of variance with Tukey post hoc test. The Mankin’s scores of the joint were evaluated using the Kruskal–Wallis test, and the Mann–Whitney U-test with Bonferroni correction was used to analyse pairwise comparison. Bonferroni correction was performed to prevent inflated type I error due to multiple comparisons (0.05 divided by 10 pairwise comparisons, thus the adjusted p-value for a significant difference was <0.005). Statistical analysis was performed using Statistical Software for Social Sciences version 23.0 (IBM, Armonk, NY, USA). Unless stated otherwise, p < 0.05 was considered statistically significant.





3. Results


Significant time effect (p < 0.001) and time × group interaction (p = 0.018) were observed in the body weight data of the rats (Figure 2). No significant difference in rat body weight was observed among the study groups at Week 0. One week after MIA administration, the O, T, G and G + T groups showed a significant (p < 0.05) or near significant reduction (p = 0.052, O vs. N) in body weight compared to the N group. The N group showed a significant linear increase in body weight (p < 0.05) starting from Week 1 but not the other groups. The body weight of the T, G and T + G groups started to increase significantly at Week 3 compared to Week 1 (p < 0.001). The increase was only significant for the O group at Week 4 compared to Week 3 (p < 0.001).



Significant time effect (p = 0.002) and not significant time × group interaction (p = 0.225) were observed in the retention time of the rats on the inverted wire mesh (Figure 3). No significant difference in retention time was observed among most study groups at Week 0 (p > 0.05), but the retention time of the G group was significantly higher than the O (p = 0.011) and T groups (p = 0.031). One week after MIA administration, the retention times of the O (p = 0.004), T (p = 0.032) and G (p = 0.042) groups reduced significantly compared to the N group. The retention time of the T + G group was significantly higher than the O and T groups from Week 1 to 3 (p < 0.05). No significant changes in retention time were observed for the N, O and T groups across the study period (p > 0.05). The G group experienced a significant drop in retention time after osteoarthritis induction but rebounded significantly at Week 4 (p < 0.05). The retention time of the T + G group at Week 4 was also the longest compared to Weeks 1 to 3 (p < 0.05).



The Kruskal–Wallis test revealed a significant difference in structural (p = 0.002), matrix (p = 0.002), cellular (p = 0.012), and total scores (p = 0.003) among the study groups (Figure 4). The G (p = 0.001) and T + G groups (p = 0.001) showed significantly higher structural scores than the N group. The T and G groups showed significantly higher matrix scores than the N group (p = 0.001). The O group showed significantly higher cellular scores than the N group (p = 0.001). All rats with osteoarthritis had significantly higher total Mankin’s score than the N group (p = 0.002 vs. O, T, G and T + G group).



Serum COMP level was significantly higher in the O group than the N, T, G and T + G groups (p < 0.001). However, no significance was observed between the N and all treatment groups (p > 0.05), nor among the treatment groups (p > 0.05) (Figure 5).




4. Discussion


The current study compared the anti-osteoarthritic effects of palm TRF, glucosamine sulphate, and both agents in combination in a rat model of osteoarthritis induced by MIA. It revealed that all treatment regimens halted the cartilage deterioration process in the rat joints induced with MIA, as illustrated via the serum COMP level. However, the joint lesions caused by MIA might not have healed completely, as demonstrated by the joint histology. From the functional aspect, the combination of palm TRF and glucosamine significantly increased the grip strength of rats with OA, and the effects were better than each agent used alone. The improved joint function might enable the rats to reach for food and maintain their body weight.



MIA inhibits glyceraldehyde-3-phosphate dehydrogenase involved in the glycolysis. Treating chondrocytes with MIA has been shown to cause mitochondrial dysfunction and, subsequently, cell death [26,27]. In another study, MIA arrested chondrocyte proliferation due to S-phase arrest [28]. MIA has been commonly used to induce cartilage damage in animals to mimic osteoarthritis in humans [29,30,31]. In this study, MIA induced apparent cartilage damage, as similarly observed in previous studies [19,32]. However, quantifying the damage using a modified Mankin’s score revealed no statistically significant changes between the N and O group in the structural, matrix, and cellular scores. This observation was probably due to the narrow range of scores of each component between these two groups (all 0 in the N group, 0–2 in the O group). The total Mankin’s score for the O group was significantly higher than for the N group, indicating more degenerative features in rats induced with MIA.



On the other hand, all treatment groups showed varying degrees of cartilage damage compared to the N group. The Mankin’s score for each joint component was inconsistent between the treatment groups and the control groups. The total Mankin’s score revealed that the overall joint damage in the treatment groups was similar to the O group. In contrast, a previous study showed that annatto tocotrienol (100–150 mg/kg for one month) suppressed joint damage in a rat model of osteoarthritis induced by MIA [19]. The distinction in the composition between palm TRF and annatto tocotrienol might be responsible for the difference. In the inflammatory/rheumatoid arthritis model, γ-tocotrienol (5 mg/kg for 25 days) [16], δ-tocotrienol (10 mg/kg for 25 days) [17] and palm TRF (30 mg/kg for 25 days) [18] were shown to reduce degenerative joint changes in rats. Based on the dosage used in these studies, palm TRF may not be as potent as pure γ and δ-tocotrienol in preventing joint damage due to arthritis, thus necessitating a higher dose to achieve the same protective effects. Meanwhile, in a previous study, supplementation of glucosamine sulphate (250 mg/kg) was shown to attenuate but not completely prevent cartilage damage in a rat model of osteoarthritis induced by anterior cruciate ligament transection [22]. In contrast, cartilage lesions were still present in the current study in rats supplemented with the same dose of glucosamine sulphate. The MIA-induced osteoarthritis model used in this study could induced more intense cartilage damage than other models, thus requiring more time to heal even with glucosamine sulphate supplementation.



COMP is a pentameric extracellular matrix glycoprotein found in the cartilage and other joint tissues (synovium, ligaments, tendons and fibroblasts) [33]. It is a sensitive marker of cartilage degradation in osteoarthritis and rheumatoid arthritis [33]. Its level increases in the early stage of osteoarthritis and subsequently decreases in late-stage disease [34]. In the present study, the rats with osteoarthritis showed a significantly higher COMP than the normal rats, indicating an ongoing damage process in the joint. All treatment regimens suppressed COMP levels, but no significant difference was observed among them. This observation implies that the damage process has stopped. Considering the histological results together, palm TRF, glucosamine sulphate, and the combination of both can halt cartilage deterioration, but it takes more time for the cartilage lesions to heal completely.



MIA-induced osteoarthritis model was reported to reflect pain, mechanical and temperature hypersensitivity [35]. Owing to these changes, rats of this disease model also demonstrated reduced hindpaw grip strength, as measured via the digital grip strength meter [36]. Due to the absence of a similar device in the authors’ setting, an inverted screen grip strength test was used [24]. This test has been adopted by multiples studies as a functional assessment of rodents in various disease models [37,38]. Upon osteoarthritis induction, a significant decrease in grip strength was noted for all rats, except the T + G group. Two weeks after induction, the difference in grip strength between the N and O groups was not significant, but the T + G group continued to show significantly better performance than the O and T group. This observation reflects a rapid and continuous protection of joint function by the palm TRF and glucosamine sulphate in combination. Given that cartilage lesions were still found in the combination group, other factors might contribute to the improvement in grip strength. Inflammatory pain is associated with prostaglandins release mediated by cyclooxygenase [39]. γ-tocotrienol could decrease cyclooxygenase-2 expression in human gastric cancer cells [40]. Palm TRF (25–100 mg/kg for 4 weeks) has been reported to suppress hyperalgesia and allodynia in a rat model of diabetic neuropathy due to reduced inflammation and nitrosative stress [41]. A meta-analysis showed that glucosamine sulphate effectively reduces pain in patients with osteoarthritis, probably owing to its anti-inflammatory effects [42]. Although antinociceptive effects of the regimens were not assessed in this study, the anti-inflammatory functions of both TRF and glucosamine sulphate could have contributed to the increased grip strength of the animals.



Besides, MIA induction also caused an initial reduction in body weight of rats in this study, which rebounded after 2–3 weeks. Previous studies have reported that osteoarthritis induced by MIA is associated with the altered locomotion of rats, particularly the rearing and standing activities necessary when the rats reach for food [43,44]; this is probably due to joint pain. Thus, the reduction in body weight observed in this study might be associated with reduced food intake, although it was not recorded by the researchers. Furthermore, the rats receiving treatments regained body weight faster than the untreated rats with osteoarthritis, implying faster function recovery, which coincides with grip strength data.



The current study is not without its limitations. Grip strength is the only functional outcome measured due to the technical limitations of the authors’ laboratory. Weight-bearing and rearing activities should be monitored in future studies. The mechanism of palm TRF and glucosamine sulphate in preventing osteoarthritis is not reported in the current study. The inflammatory, oxidative stress and cartilage markers in joint tissues such as cartilage, synovium and infrapatellar fat pad should be investigated in future studies. Nevertheless, this study has highlighted the potential additive effects of palm TRF and glucosamine sulphate in preventing osteoarthritis and, especially, improving the functional outcomes for the rats. This effect should be investigated further for potential application in patients with osteoarthritis.




5. Conclusions


Palm TRF and glucosamine sulphate alone or in combination lower serum COMP levels but do not produce a significant change in modified Mankin’s score within 4 weeks. It is speculated that the treatment regimens halt the cartilage degradation process in rats with osteoarthritis, although complete healing of cartilage lesions would require a longer period of treatment. The combination of palm TRF and glucosamine sulphate could increase the grip strength of rats with osteoarthritis better than an individual agent alone, which may be independent of cartilage healing. Rats treated with the combinatorial regimens also sustained their body weight better than individual agents alone. Further studies should investigate biochemical changes in the joints, particularly those due to inflammation and oxidative stress, under the influence of these agents to illustrate their mechanisms of action.
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Figure 1. Treatment regimens of the rats in this study. 
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Figure 2. Body weight (mean ± standard error) of the rats throughout the study (A). The results of inter- (p-values) and intra-group comparisons (weeks that show a significant difference) obtained from mixed-design analysis of variance are depicted in (B). The values in the shaded area indicate a significant difference of the group at that week compared to other weeks (0–4). The significant difference is defined at p < 0.05. Abbreviation: N: normal control; O: osteoarthritis control; T: palm TRF-treated group; G: glucosamine sulphate-treated group; T + G: palm TRF + glucosamine sulphate-treated group. 
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Figure 3. Grip strength (mean ± standard error) of the rats throughout the study (A). The results of inter- (p-values) and intra-group comparisons (weeks that show a significant difference) obtained from mixed-design analysis of variance are depicted in (B). The values in the shaded area indicate a significant difference of the group at that week compared to other weeks (0–4). The significant difference is defined at p < 0.05. Abbreviation: ns: no significant difference; N: normal control; O: osteoarthritis control; T: palm TRF-treated group; G: glucosamine sulphate-treated group; T + G: palm TRF + glucosamine sulphate-treated group; ns = not significant. 
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Figure 4. Mankin’s score (range of scores in violin plot) for the cartilage structure of the rats (A–D). The results of inter-group comparison (p-values) obtained from the Mann–Whitney U-test are depicted in (E). The significant difference is defined at p < 0.005 after Bonferroni correction. The representative photomicrographs (magnification: 20×) of each group are presented in (F–J) ((F): normal control; G: osteoarthritis control; (H): palm TRF-treated group; (I): glucosamine sulphate-treated group; (J): palm TRF + glucosamine sulphate-treated group). Significant cartilage deterioration (red arrow heads) was observed for the O group, and lesions were still observed for all treated groups. Abbreviation: *: significant difference compared to the N group; N: normal control; O: osteoarthritis control; T: palm TRF-treated group; G: glucosamine sulphate-treated group; T + G: palm TRF + glucosamine sulphate-treated group. 
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Figure 5. Serum level of cartilage oligomeric matrix protein (COMP) of the rats (A). The results of inter-group comparison (p-values) obtained from the Tukey post hoc test are depicted in (B). The significant difference is defined at p < 0.05. Abbreviation: #: significant difference compared to the O group; N: normal control; O: osteoarthritis control; T: palm TRF-treated group; G: glucosamine sulphate-treated group; T + G: palm TRF + glucosamine sulphate-treated group. 






Figure 5. Serum level of cartilage oligomeric matrix protein (COMP) of the rats (A). The results of inter-group comparison (p-values) obtained from the Tukey post hoc test are depicted in (B). The significant difference is defined at p < 0.05. Abbreviation: #: significant difference compared to the O group; N: normal control; O: osteoarthritis control; T: palm TRF-treated group; G: glucosamine sulphate-treated group; T + G: palm TRF + glucosamine sulphate-treated group.



[image: Applsci 11 08577 g005]







[image: Table] 





Table 1. Modified Mankin’s Scoring System.
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	Score
	Structure
	Cell
	Safranin O Staining





	0
	Normal
	Normal
	Normal



	1
	Surface irregularity
	Diffuse hypercellularity
	Slight reduction



	2
	Pannus and surface irregularity
	Cloning
	Moderate reduction



	3
	Clefts to the transitional zone
	Hypocellularity
	Severe reduction



	4
	Clefts to the radial zone
	n/a
	No dye noted



	5
	Clefts to the calcified zone
	n/a
	n/a



	6
	Complete disorganisation
	n/a
	n/a
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