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9 Abstract: Osteoarthritis (OA) has become one of the most common disabilities among elders,
10 especially in female. Obesity and mechanical injury causing OA are attributed to joint loading,
11 cartilage disintegration, bone loss and inflammation as well. Several strategies used for treatment
12 OA including non-pharmacological and pharmacological. Fucoidan possesses several bioactivities
13 such as antitumor, antiviral, anticoagulation, anti-obesity, and immunomodulation. This study aims
14 to investigate the effect of fucoidan in surgery-induced OA on diet-induced obesity rats. OA was
15 induced by anterior cruciate ligament transection and partial medial meniscectomy (ACLT+MMXx).
16 Male SD rats were fed high-fat diet (HFD) for 4 weeks to induce obesity before ACLT+MMx to
17 induce OA. OA rats were administered with intragastric water or fucoidan in three different
18 concentrations (32 mg/kg, 64 mg/kg, and 320 mg/kg) after the surgeries for 40 days with HFD. We
19 observed that the swelling in knee joint was alleviated and hind paw weight distribution was
20 rectified after feeding fucoidan, with no significant effect on weight gain and feed intake. Fucoidan
21 administration indicated no significant variation on HDL-Cholesterol level, but reduced plasma
22 triglycerides and LDL-Cholesterol level. In addition, weight-bearing tests showed improvement in
23 the fucoidan-treated group. Our results suggested that fucoidan may improve
24 meniscal/ligamentous injury and obesity-induced OA.
25 Keywords: Anterior cruciate ligament; fucoidan; osteoarthritis.
26

27 1. Introduction

28 Osteoarthritis (OA) is the most common form of arthritis [1]. OA is one of the most common
29  chronic health conditions and a leading cause of pain and disability among adults [2]. OA has an
30  inflammatory component affecting the synovium and cartilage, which leads to subchondral bone
31  tissue breakdown, resulting in pain, stiffness, and joint failure [3-5]. Several studies have suggested
32 that OA joint degeneration results from a combination of mechanical stresses and biochemical factors
33 [4,6]. Chondrocytes, as well as synovial cells, of OA patients produce increased levels of
34  inflammatory cytokines such as interleukin (IL)-18 and tumor necrosis factor (TNF)-a, which in turn
35  increase matrix metalloproteinase (MMPs) and other inflammatory mediators such as IL-8, IL-6,
36  prostaglandin E2, and nitric oxide [5].

37 A torn anterior cruciate ligament (ACL) rarely heals into its anatomic or physiologic position. It
38 is commonly associated with damage to the menisci, other ligaments, articular cartilage, and
39  subchondral or cancellous bone [7-9]. Approximately 50% of ACL tears are believed to be
40  accompanied by meniscal injury at the time of the acute injury, while in the chronic ACL-deficient
41  knee, meniscal tears have been observed in as high as 80% of the patient population [7,10].
42 Meniscectomy might be the most important risk factor for developing knee osteoarthritis after an
43  ACLinjury [11].

44 Obesity is considered as a worldwide health problem with low-grade inflammatory status [12].
45  Obesity have long been recognized as potent risk factors for OA, especially knee OA [13]. It is
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46  primarily accepted that excess body weight may leads to cartilage degeneration by increasing the
47  mechanical forces across weight-bearing joints [14,15]. Other causes are associated with inflammation
48  and lipid metabolism disorder in obesity [16]. Recent studies reported inflammatory cytokines such
49  asleptin, adiponectin, and IL-1p were involved in obesity-associated OA progression [17,18].

50 Various strategies used for management of OA such as non-pharmacological and
51  pharmacological. Pharmacological treatments include analgesics or anti-inflammatory agents such
52 as acetaminophen, glucosamine/chondroitin sulfates, non-selective non-steroidal anti-inflammatory
53 drugs (NSAIDs), cyclooxygenase (COX)-2 inhibitors, and intra-articular (IA) corticosteroids. NSAIDs
54 are associated with an increased risk of serious gastrointestinal (GI), cardiovascular (CV), and renal
55  injury [19-21]. For this reason, many studies have focused on functional foods, which may promote
56  cartilage health and safety, even after long-term use.

57 Fucoidan is a sulfated polysaccharide that contain L-fucose and sulfate ester groups, mainly
58  found in various species of brown seaweed such as Sargassum binderi [22), Undaria pinnatifida [23],
59 Fucus vesiculosus [24], Laminaria japonica, and Hizikia fusiforme [6]. In 1913, Kylin first time isolated the
60  fucoidan from brown algae and later on according to the International Union of Pure and Applied
61  Chemistry (IUPAC) rules these polysaccharides were named as fucoidin [25] and later on known as
62  fucoidan [26]. Fucoidan have gained significant attraction because of their pharmacological
63 properties such as antioxidant, anti-tumor, anti-inflammation, anti-diabetic, and anti-obesity
64  [22,23,27]. Recent studies indicated fucoidan has potential to suppress inflammation in collagen-
65  induced arthritis [28]. This study aims to investigated the hypolipidemic and anti-inflammatory
66  properties of fucoidan. Furthermore, it also determined the effects of fucoidan on high-fat diet (HFD)
67  fed rat with anterior cruciate ligament transection (ACLT) and medial meniscectomy (MMXx) surgery
68  induced OA.

69 2. Materials and Methods

70  2.1. Fucoidan

71 Fucoidans (low-molecular weight (MW) ~ 5,000 Daltons) were prepared from Cladosiphon
72 okamuranus by hot water extraction and degraded by enzymatic hydrolysis.

73 2.2. Animal Model

74 Five-week-old male Sprague Dawley (SD) rats were purchased from BioLASCO Taiwan Co.,
75  Ltd. (Yilan, Taiwan). Rats were housed one in each cage in an animal room with a 12 h light/dark
76  cycle at a temperature of 25 + 2°C and 55% humidity. All procedures were followed the standard of
77  Institutional Animal Care and Use Committee National Taiwan Ocean University.

78 During the experiment, diets and water were provided ad libitum. During acclimatization phase,
79  all rats were given standard diet. After acclimatization, rats were divided into 2 main groups, Sham
80  and Obese group. The obese group was given high-fat diet (HFD) for 4 weeks. Following HFD
81  induction, obese rats were divided into obese sham (OBSham) group and OA (OBOA) group.
82  Anterior Cruciate Ligament Transection and Medial Meniscectomy (ACLT + MMXx) were performed
83  toinduce OA. For this purpose, the rats were anesthetized with Zoletil 50 (25 mg/kg, intraperitoneal
84  (i.p.)), and the hair on the right knee was clipped. An incision was made in the medial aspect of the
85  joint capsule (anterior to the medial collateral ligament), the ACL was transected, and the medial
86  meniscus was removed. Following surgery, the joint was irrigated with normal saline, the capsule
87  was sutured with 4-0 chromic catgut, and the skin was closed with 4-0 silk braided sutures. In sham-
88  operated rats, incisions were made in the medial aspect of the joint capsule to expose the ACL, but
89  neither the ACL was not transected nor the medial meniscus was not removed. The rats were
90  supplied with supplemental heat and were monitored until recovery from anesthesia. The rats were
91  also checked daily regarding their general health and for pain, discomfort and infection in the post-
92  operative period, and cefazolin (20 mg/kg i.p.) was injected after the surgery to prevent infection.
93 Following the surgery, the rats were intragastric treated with different doses of fucoidan, 32 mg/kg
94 body weight (F1), 64 mg/kg (F2), or 320 mg/kg (F10) daily for 40 days. Body weights were measured
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95  weekly with digital balance and the width of the knee joint was measured using digital calipers before
96  the surgery and every week for 40 days after the surgery. Additionally, Incapacitance tests were
97  performed weekly before and every week after the surgery within 40 days. The animals were
98  sacrificed at the age of 15 weeks, blood samples were collected and operated knees were dissected
99  after all tests were completed.

100 2.3. Measurement of Plasma Biochemical Parameters

101 Whole blood samples were centrifuged after collected and blood plasma were separated from
102 blood pellets. Plasma samples were preserved at -80°C and ready for use. Plasma triglycerides (TG),
103 total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-
104  cholesterol (LDL-C), superoxide dismutase (SOD), and glutathione peroxidase (GPX) were measured
105  with commercial enzymatic kits (Randox, United Kingdom). Tumor necrosis factor-a (TNF-a),
106  interleukin-18 (IL-1B) and adipokine (leptin) were measured with ELISA kit (Abcam, Cambridge,
107 United Kingdom; R&D Systems, Minneapolis, U.S.A.; Novex Life Technologies, Massachusetts,
108  U.S.A, respectively).

109 2.4. Weight-bearing Distribution Assessment

110 Weight-bearing distribution changes were measured using an Incapacitance tester (Linton
111 Instrumentation, Norfolk, UK) to detect changes in postural balance. In particular, the rats were stood
112 on their hind paws in an inclined plane (65° from horizontal) chamber that was placed above the
113 incapacitance apparatus; the weight applied to each hind limb was measured independently with the
114  apparatus. Three to five measurements, each 5-s readings, were taken for each rat, and the average
115 was calculated after excluding the outlier. The data was expressed as the difference between the
116  weight applied to the limb contralateral to the injury and the weight applied to the ipsilateral limb
117 (A Force).

118 2.5 Knee Width and Joint Histopathology

119 The width of the knee joint was measured with digital calipers every week for 40 days after the
120 operation and the width of the contralateral knee was used as the baseline. At day 40, after all, tests
121 were completed, the rats were euthanized with carbon dioxide, and the knee joints were collected
122 and fixed in 4% paraformaldehyde for 2 days. The following decalcification, embedded in paraffin,
123 and histological sectioning (5 mm) were done by Li Pei Co. Ltd. Hematoxylin/eosin (H&E) staining
124 and Safranin-O staining were then used to examine the morphological changes and proteoglycan

125 loss.

126  2.6. Statistical Analysis

127 All experimental data are expressed as mean + standard error of mean (S.E.M.). Body weight,
128  weight-bearing difference, and knee width were analyzed with Two-way analysis of variance (Two-
129  way ANOVA) followed by Dunnett’s test. Others were analyzed with one-way ANOVA followed by
130  Duncan’s multiple comparison tests with p< 0.05 was defined as statistically significant.

131 3. Results

132 3.1. Reduction of Body Weight and Body Fat by Fucoidan

133 The body weights of HFD-induced obese rats were significantly increased compared to the sham
134 group (p<0.05). After treatment with fucoidan for 40 days, body weights were lowered by 9%. The
135  perirenal adipose tissue weight also decreased after fucoidan treatments (Table 1). Plasma lipids
136 were also analyzed, TG, TC, and LDL-C level of rats fed with HFD significantly (p<0.05) higher than
137  treatment with fucoidan (Table 2).
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138 Table 1. Body weight and adipose HFD-induced obese and ACLT+MMx surgery induced OA male
139 rats.
Obese + OA
Group Sham Obese
Control F1 F2 F10
Body weight (g)
Initial 136.24 + 139.15 + 141.82 + 137.71 + 135.19 + 140.93 +
nita 1.58 2.98 461 1.430 2.340 2.83
Final 385.47 + 530.89 + 537.94 + 477 .98 + 489.45 + 477.61 +
mna 16.50¢ 33.53 36.55 19.750 22.23 35.41°
Adipose Tissue Weight (g /100g body weight)
Perirenal 1.54 +0.15¢ 3.23 +(0.54a 254+0370 223+0.35» 2.17+0.33 ?)igbf
Epididymal 102009 221033 206£027% 180012  o0% 187
picidy TeE oEY EY OUEY 0.2720 0.36%

140  Data are expressed as the mean +S.E.M (n =7). Values with different superscript letters (a-c) represent
141  significant difference (p<0.05) via one-way ANOVA followed by Duncan’s multiple range test.

142 Table 2. Plasma lipid in HFD-induced obese and ACLT+MMXx surgery induced OA male
143 rats.
Obese + OA
Group Sham Obese
Control F1 F2 F10
70.83 + 81.59 + 95.26 + 79.94 + 77.08 +
TG 3.37b 461 8.04° 5.68% 7.19 70.30£3.57
89.43 + 120.13 + 125.81 + 98.29 + 91.52 +
b
Tc 7.83b 9.92: 7.08: 4910 a4 0007316
39.23 + 41.44 + 39.69 + 41.86 + 38.65 +
HDL-C 1.66° 2.98 2,020 2,52 2,51 38.60£3.16
36.03 + 62.38 + 67.07 + 40.45 + 37.46 +
_ b
LDbL-C 7.700 9.844 6.90° 6.760 4170 35.91£2.23

144 Triglycerides (TG), Total cholesterol (TC), High density lipoprotein-cholesterol (HDL-C), Low
145  density lipoprotein-cholesterol (LDL-C). Data are expressed as the mean + S.E.M (n = 7). Values with
146  different superscript letters (a-b) represent significant difference (p<0.05) via one-way ANOVA
147  followed by Duncan’s multiple range test.

148 3.2. Effect of Fucoidan on Antioxidant Properties and Anti-inflammatory

149 Antioxidant activity of SOD and GPx were decreased and plasma MDA increased in HFD fed
150  groups. Treatment with fucoidan restore the activities of SOD and GPx and reduce plasma MDA
151  (Figure 1). Chronic systemic inflammation introduced by obesity increased pro-inflammatory
152 cytokine synthesis. In rats fed with HFD, plasma inflammatory cytokine was increased, especially
153 TNF-a and leptin (Figure 2). Treatment with fucoidan reduces inflammatory cytokines in plasma
154  compared to HFD fed untreated groups.

155
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158  Figure 1. Effect of fucoidan treatment on antioxidant activities in HFD-induced obese and
159  ACLT+MMXx surgery induced OA male rats: (a) Superoxide dismutase, SOD. (b) Glutathione
160  peroxidase, GPx. (c) Malondialdehyde, MDA. Data are the activity of each enzymeand concentration
161  of plasma reactive oxygen species, expressed as the mean + S.E.M (n = 7). Values with different
162 superscript letters (a-c) represent significant difference (p<0.05) via one-way ANOVA followed by
163  Duncan’s multiple range test.

TNF-a (pg/ml)
IL-1B (pg/ml)
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164
165 (a) (b) (o)

166  Figure 2. Effect of fucoidan treatment on plasma cytokines in HFD-induced obese and ACLT+MMx
167  surgery induced OA male rats: (a) Plasma tumor necrosis factor (TNF)-q; (b) Interleukin (IL)-1B. (c)
168  Leptin. Data are the concentration of each cytokine, expressed as the mean + S.EMM (n = 7). Values
169  with different superscript letters (a-b) represent significant difference (p<0.05) via one-way ANOVA
170  followed by Duncan’s multiple range tests.

171 3.3. Fucoidan Attenuate OA Caused Pain and Damage

172 Oral administration of fucoidan helps alleviate the pain induced by OA, as shown by the
173 diminishing of hind limb force differences (Figure 3(a)). Post-surgery of OA results in swelling of
174 joints. By the measurement of knee width, the joint underwent surgeries will have joint swelling after
175  surgery and recover after 2 weeks. Due to inflammation caused by OA, the joint underwent
176  ACLT+MMXx had their joint swelling for a longer period. Treatment with fucoidan helps alleviate the
177  swelling as the knee width differences between both hind limbs diminishing over time (Figure 3(b)).
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Figure 3. Effect of fucoidan treatment in HFD-induced obese and ACLT+MMXx surgery induced OA
male rats: (a) on the weight-bearing distribution of the hind limbs. (b) Knee joint width. Data are the
difference between the weights applied to the contralateral and ipsilateral limbs, expressed as the
mean + S.E.M. Two-way ANOVA and Dunnett’s multiple comparisons test were used to analyze the
data. *p<0.05, **p<0.01, ***p<0.001, when compared to the OA group.

In the end of experiments, rats were euthanized and knee joint specimens were collected. Joint
sections were stained with hematoxylin & eosin stain to observe the morphological changes by
surgery-induced OA. Result showed reduction of cartilage thickness in OBOA group where
improvements observed in fucoidan-treated groups (Figure 4). Other joint sections were stained with
Safranin-O and fast green to observe proteoglycan loss by OA. In OBOA group, joint histology
showed major loss of proteoglycan in the cartilage matrix. Treatment of fucoidan prevent further
proteoglycan loss (Figure 5).

d0i:10.20944/preprints201805.0053.v2
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A
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192

193 Figure 4. The histopathological difference between the knee joints in HFD-induced obese and
194  ACLT+MMXx surgery induced OA male rats. Representative cartilage sections from right medial
195  condyle of femur and tibia were stained with Hematoxylin and Eosin. Specimens were observed with
196  40x magnification. Scale bar length is 500 pum.

Sham

OBOAF1 OBOAF2 OBOAF10

197

198  Figure 5. The histopathological difference between the knee joints in HFD-induced obese and
199  ACLT+MMXx surgery induced OA male rats. Representative cartilage sections from right medial
200  condyle of femur and tibia were stained with Fast Green and Safranin-O. Specimens were observed
201  with 40x magnification. Scale bar length is 500 pum.

202
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203 4. Discussion

204 Obesity and overweight act as one of the risk factor in OA progression [14,29]. The overload
205  effect on joint cartilage may explain part of the increased risk of osteoarthritis, at least for
206  osteoarthritis of the knee [16]. Reduction of body weight is a strategy for OA treatment due to it will
207  reduction of joint loading or mechanical force on knees [30,31]. In animals with obesity, there is a
208  huge increase in white fat (adipose tissue) deposits due to the hyperplasia and hypertrophy of their
209  adipocytes [32]. Oral administration of fucoidan reduced the body weight in HFD-induced obese rat.
210  In addition, fucoidan supplemented decreased the adipose tissue weight such as perirenal and
211  epididymal fat tissues (Table 1). Furthermore, fucoidan administration reduced the triglycerides
212 (TG), total cholesterol (TC), and LDL-Cholesterol (Table 2). Obesity condition associated with
213 increase of plasma TG, TC, and LDL-Cholesterol level. In particular, triglyceride and cholesterol
214 levels are closely related to cardiovascular disorders [33-35]. The previous study showed that
215  fucoidan decreased the body weight of HFD-induced obese mice and reduced the epididymal fat
216  tissue [27]. There was also decreased the plasma level of TG, TC, and LDL-Cholesterol in mice fed
217  with fucoidan.

218 Oxidative stress is involved in pathological processes such as obesity, diabetes, cardiovascular
219  disease, and atherogenic processes [36]. When obesity persists for a long time, antioxidant sources
220  canbe depleted, decreasing the activity of enzymes such as superoxide dismutase (SOD) and catalase
221  (CAT) [37]. The activity of SOD and glutathione peroxidase (GPx) in individuals with obesity is
222 significantly lower compared with that in healthy persons, having implications for the development
223 of obesity-related health problems [38]. In addition, higher levels of malondialdehyde (MDA) in
224  obese subjects as compared to normal-weight subjects [39,40]. The determination of MDA is used for
225  monitoring lipid peroxidation in biological samples [41]. Supplementation with antioxidants would
226  reduce the risk of complications related with obesity and oxidative stress [42]. The results of this
227  study showed that fucoidan increased the SOD activity and reduced the malondialdehyde (MDA)
228  level (Figure 1). The previous studies reported that fucoidan extracted from Undaria pinnatifida and
229 Sargassum bideri showed potential antioxidant activity with high inhibition of free radicals [22,23].
230 The increase in obesity-associated oxidative stress is probably due to the presence of excessive
231  adipose tissue itself, because adipocytes and preadipocytes have been identified as a source of pro-
232  inflammatory cytokines, including TNF-a, IL-1, and IL-6 as well as adipokine such as leptin,
233 adiponectin, resistin, and visfatin; thus, obesity is considered a state of chronic inflammation [16,37].
234  Inflammatory cytokine TNF-a and IL-1 may stimulate mitogen-activated protein kinase (MAPK)
235  pathway and p38/c-Jun N-terminal kinase (JNK) pathway to synthesize matrix metalloproteinase-1
236  (MMP-1), MMP-3 and MMP-13 [43,44], also combined with leptin will stimulate Janus kinase 2
237  (JAK2) pathway and induce nitric oxide synthase (NOS) II and produce nitric oxide (NO). Nitric
238  oxide produced in joint may cause cartilage degradation and chondrocyte apoptosis [45]. On the
239  other hand, leptin regulates chondrocyte proliferation and differentiation [46]. Excessive leptin
240  exposure might stimulate the differentiation of chondrocytes and formation of osteophytes [47,48].
241 Osteoarthritis in many cases causes joint swelling, pain, and disability [5,6]. Pain caused by the
242 imbalanced of ipsilateral with contralateral limb (weight-bearing imbalance) and result would
243  change their posture. In addition, in molecular inflammation, prostaglandin E> (PGE>) is involved in
244 all processes leading to the classic signs of inflammation such as redness, swelling, and pain. Pain
245  results from the action of PGE2 on peripheral sensory neurons and on central sites within the spinal
246  cord and the brain [49,50]. In OA cartilage, IL-13 and TNF signalling mediated by the transcription
247  factors NF-KB and AP-1 results in autocrine production of these cytokines, as well as expression of
248  other inflammatory and chrondrolytic mediators including prostaglandin E» [45]. In the present
249  study, the weight-bearing test show that rats induced by OA surgeries have higher differences in
250  force applied by both hind limbs. On the other hand, oral administration of fucoidan protected the
251  weight-bearing in ALCT+MMx-induced OA on HFD-induced rats. Lee et al. [6] reported that
252 fucoidan showed the protected effects on monosodium iodoacetate (MIA) induced OA rat. Joint
253  swelling is one clinical feature of OA attributed to inflammation and reflecting the presence of
254  synovitis due to thickening of the synovium or to effusion [51]. Fucoidan treatment reduce the
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swelling of joint with lower knee joint width compared than non-treated OA rat model (Figure 3).
Fucoidan has been studied for its bioactivities and show benefits for its anticoagulation [52,53], anti-
inflammatory [54,55], hypolipidemic [27,56], and immunomodulatory properties [57,58]. The
previous study investigated the anti-inflammatory effect of fucoidan on collagen-induced arthritis.
In this study, the results suggested that lower molecular weight of fucoidan works better in lowering
inflammation [28].

Under stained observation (Figure 4 and 5), rats supplemented by fucoidan showed the reduce
of cartilage thickness and protected the matrix cartilage degeneration. Cartilage degeneration caused
by overexpression of matrix metalloproteinases (MMPs). Overexpression MMP-1 stimulated the
production by IL-13 and TNF-a [4,45,59]. In the present study, fucoidan-treated suppressed the
expression of IL-13 and TNF-a, we hypothesized that fucoidan also suppress the expression of MMP-
1 at the articular surface and inhibited cartilage degeneration. Overall, the administration of fucoidan
prevents the progression of OA rat model.

In this study, we used ACLT+MMx with HFD to mimic the joint injury caused by overweight
and obese with the results increased the mechanical force in joint, especially in knee joint. Recent
studies suggest surgery-based OA model was more similar to natural occurring OA as a slow
progressing disorder [60]. Others model such as iodoacetic acid induction method might able to
mimic OA in a short time. These models, however, are more similar to chemical-induced chondrocyte
death rather than OA model [61]. Due to the additional weight applied on both hind limbs, the effect
of ACLT+MMx induced OA would be more significant. In the case of obesity, we also measure the
inflammatory cytokines in their circulatory system

5. Conclusions

Fucoidan extracted from Cladosiphon okamuranus showed the anti-inflammatory effects on HFD
induced inflammation, hypolipidemic properties against fat accumulation and protected the joint
and cartilage on ACLT+MMx surgery induced OA in HFD fed obese rats. In addition, supplemented
with fucoidan decreased leptin and IL-1(3 level. Our results suggest that oral administration of
fucoidan may improve the meniscal/ligamentous injury and obesity-induced OA

Author Contributions: All authors contributed to the study design and the current manuscript.
Conceptualization, Z.L.K.; Formal analysis, A.D.O. and HW.C.; Writing — original draft, A.D.O. and HW.C.;
Writing — review & editing, S.S.

Funding: This research received no external funding.

Acknowledgments: The sponsor had no role in the design and conduct of the study, in the collection, analysis,
and interpretation of the data, or in the preparation, review or approval of the manuscript and the decision to
submit the manuscript for publication.

Conlflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1. Cross, M.; Smith, E.; Hoy, D.; Nolte, S.; Ackerman, I.; Fransen, M.; Bridgett, L.; Williams, S.;
Guillemin, F.; Hill, C.L,, et al. The global burden of hip and knee osteoarthritis: Estimates
from the global burden of disease 2010 study. Annals of the Rheumatic Diseases 2014, 73, 1323-

1330.

2. Allen, K.D.; Golightly, Y.M. Epidemiology of osteoarthritis: State of the evidence. Current
Opinion in Rheumatology 2015, 27, 276-283.

3. Barve, R.A.; Minnerly, ].C.; Weiss, D.J.; Meyer, D.M.; Aguiar, D.J.; Sullivan, P.M.; Weinrich,

S.L.; Head, R.D. Transcriptional profiling and pathway analysis of monosodium iodoacetate-

d0i:10.20944/preprints201805.0053.v2


http://dx.doi.org/10.20944/preprints201805.0053.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018 d0i:10.20944/preprints201805.0053.v2

10 of 13
301 induced experimental osteoarthritis in rats: Relevance to human disease. Osteoarthritis and
302 Cartilage 2007, 15, 1190-1198.
303 4. Henrotin, Y.; Kurz, B. Antioxidant to treat osteoarthritis: Dream or reality? Current Drug
304 Targets 2007, 8, 347-357.
305 5. Krasnokutsky, S.; Attur, M.; Palmer, G.; Samuels, J.; Abramson, S.B. Current concepts in the
306 pathogenesis of osteoarthritis. Osteoarthritis and Cartilage 2008, 16, S1-S3.
307 6. Lee, D.-G.; Park, S.-Y.; Chung, W.-S,; Park, J.-H.; Hwang, E.; Mavlonov, G.T.; Kim, I.-H.; Kim,
308 K.-Y.; Yi, T.-H. Fucoidan prevents the progression of osteoarthritis in rats. Journal of Medicinal
309 Food 2015, 18, 1032-1041.
310 7. Neuman, P.; Englund, M.; Kostogiannis, I.; Friden, T.; Roos, H.; Dahlberg, L.E. Prevalence of
311 tibiofemoral osteoarthritis 15 years after nonoperative treatment of anterior cruciate ligament
312 injury. The American Journal of Sports Medicine 2017, 36, 1717-1725.
313 8. Lohmander, L.S; Englund, P.M.; Dahl, L.L.; Roos, EM. The long-term consequence of
314 anterior cruciate ligament and meniscus injuries. The American Journal of Sports Medicine 2007,
315 35, 1756-1769.
316 9. Jones, H.P.; Appleyard, R.C.; Mahajan, S.; Murrell, G.A.C. Meniscal and chondral loss in the
317 anterior cruciate ligament injured knee. Sports Medicine 2003, 33, 1075-1089.
318 10. Louboutin, H.; Debarge, R.; Richou, J.; Selmi, T.A.S.; Donell, S.T.; Neyret, P.; Dubrana, F.
319 Osteoarthritis in patients with anterior cruciate ligament rupture: A review of risk factors.
320 The Knee 2009, 16, 239-244.
321 11. Simon, D.; Mascarenhas, R.; Saltzman, B.M.; Rollins, M.; Bach, B.R.; MacDonald, P. The
322 relationship between anterior cruciate ligament injury and osteoarthritis of the knee.
323 Advances in Orthopedics 2015, 2015, 1-11.

324 12 Poonpet, T. Adipokines: Biomarkers for osteoarthritis? World Journal of Orthopedics 2014, 5.
325 13 Felson, D.T. Osteoarthritis: New insights. Part 1: The disease and its risk factors. Annals of

326 Internal Medicine 2000, 133, 635-646.

327 14. Koonce, R.C.; Bravman, J.T. Obesity and osteoarthritis: More than just wear and tear. Journal
328 of the American Academy of Orthopaedic Surgeons 2013, 21, 161-169.

329 15. Yusuf, E.; Nelissen, R.G.; Ioan-Facsinay, A.; Stojanovic-Susulic, V.; DeGroot, J.; van Osch, G.;
330 Middeldorp, S.; Huizinga, T.W.].; Kloppenburg, M. Association between weight or body
331 mass index and hand osteoarthritis: A systematic review. Annals of the Rheumatic Diseases
332 2009, 69, 761-765.

333 16. Pottie, P.; Presle, N.; Terlain, B.; Netter, P.; Mainard, D.; Berenbaum, F. Obesity and
334 osteoarthritis: More complex than predicted. Annals of the Rheumatic Diseases 2006, 65, 1403-
335 1405.

336 17. Vuolteenaho, K.; Koskinen, A.; Kukkonen, M.; Nieminen, R.; Piivarinta, U.; Moilanen, T.;
337 Moilanen, E. Leptin enhances synthesis of proinflammatory mediators in human
338 osteoarthritic cartilage —mediator role of no in leptin-inducedpge?, il-6, and il-8 production.
339 Mediators of Inflammation 2009, 2009, 1-10.

340  18. Distel, E.; Cadoudal, T.; Durant, S.; Poignard, A.; Chevalier, X.; Benelli, C. The infrapatellar
341 fat pad in knee osteoarthritis: An important source of interleukin-6 and its soluble receptor.

342 Arthritis & Rheumatism 2009, 60, 3374-3377.


http://dx.doi.org/10.20944/preprints201805.0053.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018 d0i:10.20944/preprints201805.0053.v2

11 0f 13

343 19. Fibel, K.H.; Howard ], H.; Brian C, H. State-of-the-art management of knee osteoarthritis.

344 World Journal of Clinical Cases 2015, 3, 89-101.

345 20. Trelle, S.; Reichenbach, S.; Wandel, S.; Hildebrand, P.; Tschannen, B.; Villiger, P.M.; Egger,
346 M.; Juni, P. Cardiovascular safety of non-steroidal anti-inflammatory drugs: Network meta-
347 analysis. BM] Clinical Research 2011, 342, c7086-c7086.

348  21. Michael, J.W.P.; Schliiter-Brust, K.U.; Peer, E. The epidemiology, etiology, diagnosis, and
349 treatment of osteoarthritis of the knee. Deutsches Arzteblatt International 2010, 107, 152-162.
350 22. Lim, S.J.; Wan Aida, W.M.; Maskat, M.Y.; Mamot, S.; Ropien, J.; Mazita Mohd, D. Isolation
351 and antioxidant capacity of fucoidan from selected malaysian seaweeds. Food Hydrocolloids
352 2014, 42, 280-288.

353 23. Phull, A.-R;; Majid, M.; Haq, L.-u.; Khan, M.R.; Kim, S.J. In vitro and in vivo evaluation of
354 anti-arthritic, antioxidant efficacy of fucoidan from undaria pinnatifida (harvey) suringar.
355 International Journal of Biological Macromolecules 2017, 97, 468-480.

356 24, Yang, G.; Zhang, Q.; Kong, Y.; Xie, B.; Gao, M.; Tao, Y.; Xu, H.; Zhan, F.; Dai, B.; Shi, J., et al.
357 Antitumor activity of fucoidan against diffuse large b cell lymphomain vitroandin vivo. Acta
358 Biochimica et Biophysica Sinica 2015, 47, 925-931.

359  25. Li, B.; Lu, F.; Wei, X.; Zhao, R. Fucoidan: Structure and bioactivity. Molecules 2008, 13, 1671-
360 1695.

361 26. Phull, AR, Kim, SJ. Fucoidan as bio-functional molecule: Insights into the anti-
362 inflammatory potential and associated molecular mechanisms. Journal of Functional Foods
363 2017, 38, 415-426.

364 27. Kim, M.-J.; Jeon, J.; Lee, ]J.-S. Fucoidan prevents high-fat diet-induced obesity in animals by
365 suppression of fat accumulation. Phytotherapy Research 2014, 28, 137-143.

366  28. Park, S.-B.; Chun, K.-R.; Kim, J.-K;; Suk, K;; Jung, Y.-M.; Lee, W.-H. The differential effect of
367 high and low molecular weight fucoidans on the severity of collagen-induced arthritis in
368 mice. Phytotherapy Research 2010, 24, 1384-1391.

369 29 Stein, C.J.; Colditz, G.A. The epidemic of obesity. The Journal of Clinical Endocrinology &
370 Metabolism 2004, 89, 2522-2525.

371 30. Messier, S.P.; Gutekunst, D.J.; Davis, C.; DeVita, P. Weight loss reduces knee-joint loads in
372 overweight and obese older adults with knee osteoarthritis. Arthritis & Rheumatism 2005, 52,
373 2026-2032.

374 31. Puett, D.W. Published trials of nonmedicinal and noninvasive therapies for hip and knee
375 osteoarthritis. Annals of Internal Medicine 1994, 121.

376 32. Dulloo, A.G.; Jacquet, ].; Solinas, G.; Montani, J.P.; Schutz, Y. Body composition phenotypes
377 in pathways to obesity and the metabolic syndrome. International Journal of Obesity 2010, 34,
378 54-517.

379 33 Adeneye, A.A; Adeyemi, O.O.; Agbaje, E.O. Anti-obesity and antihyperlipidaemic effect of
380 hunteria umbellata seed extract in experimental hyperlipidaemia. Journal of
381 Ethnopharmacology 2010, 130, 307-314.

382  34. Kim, K.J.; Lee, M.-S,; Jo, K.; Hwang, J.-K. Piperidine alkaloids from piper retrofractum vahl.
383 Protect against high-fat diet-induced obesity by regulating lipid metabolism and activating
384 amp-activated protein kinase. Biochemical and Biophysical Research Communications 2011, 411,

385 219-225.


http://dx.doi.org/10.20944/preprints201805.0053.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018 d0i:10.20944/preprints201805.0053.v2

12 0f 13

386  35. Kang, M.-C.; Kang, N.; Ko, S.-C; Kim, Y.-B.; Jeon, Y.-J. Anti-obesity effects of seaweeds of

387 jeju island on the differentiation of 3t3-11 preadipocytes and obese mice fed a high-fat diet.
388 Food and Chemical Toxicology 2016, 90, 36-44.

389  36. Esposito, K.; Ciotola, M.; Schisano, B.; Misso, L.; Giannetti, G.; Ceriello, A.; Giugliano, D.
390 Oxidative stress in the metabolic syndrome. Journal of Endocrinological Investigation 2014, 29,
391 791-795.

392 37. Fernandez-Sénchez, A.; Madrigal-Santillan, E.; Bautista, M.; Esquivel-Soto, J.; Morales-
393 Gonzélez, A.; Esquivel-Chirino, C.; Durante-Montiel, I.; Sanchez-Rivera, G.; Valadez-Vega,
394 C.; Morales-Gonzélez, J.A. Inflammation, oxidative stress, and obesity. International Journal
395 of Molecular Sciences 2011, 12, 3117-3132.

396  38. Ozata, M.; Mergen, M.; Oktenli, C.; Aydin, A.; Yavuz Sanisogly, S.; Bolu, E.; Yilmaz, M.L;
397 Sayal, A.; Isimer, A.; Ozdemir, 1.C. Increased oxidative stress and hypozincemia in male
398 obesity. Clinical Biochemistry 2002, 35, 627-631.

399  39. Sabitha, K.; Venugopal, B.; Rafi, M.; V Ramana, K. Role of antioxidant enzymes in glucose
400 and lipid metabolism in association with obesityand type 2 diabetes. American Journal of
401 Medical Sciences and Medicine 2014, 2, 21-24.

402 40. Patel, M.D.; Kishore, K.; Patel, D.J. Valuation of oxidative stress and serum magnesium levels
403 in south indian obese males. International Journal of Scientific Research 2014, 3, 229-230.

404  41. Agrawal, N.; Singh, S.K. Obesity: An independent risk factor for oxidative stress. International
405 Journal of Advances in Medicine 2017, 4.

406  42. Higdon, J.V. Obesity and oxidative stress: A direct link to cvd? Arteriosclerosis, Thrombosis,
407 and Vascular Biology 2003, 23, 365-367.

408  43. Martin, G.; Bogdanowicz, P.; Domagala, F.; Ficheux, H.; Pujol, ].-P. Rhein inhibits interleukin-
409 1B-induced activation of mek/erk pathway and DNA binding of nf-kb and ap-1 in
410 chondrocytes cultured in hypoxia: A potential mechanism for its disease-modifying effect in
411 osteoarthritis. Inflammation 2003, 27, 233-246.

412 44. Vincenti, M.P.; Brinckerhoff, C.E. Transcriptional regulation of collagenase (mmp-1, mmp-
413 13) genes in arthritis: Integration of complex signaling pathways for the recruitment of gene-
414 specific transcription factors. Arthritis Research 2002, 4, 157-164.

415 45. Robinson, W.H.; Lepus, C.M.; Wang, Q.; Raghu, H.; Mao, R.; Lindstrom, T.M.; Sokolove, J.
416 Low-grade inflammation as a key mediator of the pathogenesis of osteoarthritis. Nature
417 Reviews Rheumatology 2016, 12, 580-592.

418 46. Figenschau, Y., Knutsen, G.; Shahazeydi, S.; Johansen, O.; Sveinbjornsson, B. Human
419 articular chondrocytes express functional leptin receptors. Biochemical and Biophysical Research
420 Communications 2001, 287, 190-197.

421 47. Dumond, H.; Presle, N.; Terlain, B.; Mainard, D.; Loeuille, D.; Netter, P.; Pottie, P. Evidence
422 for a key role of leptin in osteoarthritis. Arthritis & Rheumatism 2003, 48, 3118-3129.

423 48. Ben-Eliezer, M.; Phillip, M.; Gat-Yablonski, G. Leptin regulates chondrogenic differentiation
424 in atdc5 cell-line through jak/stat and mapk pathways. Endocrine 2007, 32, 235-244.

425 49. Ricciotti, E.; FitzGerald, G.A. Prostaglandins and inflammation. Arteriosclerosis, Thrombosis,
426 and Vascular Biology 2011, 31, 986-1000.

427  50. Funk, C.D. Prostaglandins and leukotrienes: Advances in eicosanoid biology. Science 2001,
428 294, 1871-1875.


http://dx.doi.org/10.20944/preprints201805.0053.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018 d0i:10.20944/preprints201805.0053.v2

13 of 13
429  51. Berenbaum, F. Osteoarthritis as an inflammatory disease (osteoarthritis is not
430 osteoarthrosis!). Osteoarthritis and Cartilage 2013, 21, 16-21.
431 52. Dobashi, K.; Nishino, T.; Fujihara, M.; Nagumo, T. Isolation and preliminary characterization
432 of fucose-containing sulfated polysaccharides with blood-anticoagulant activity from the
433 brown seaweed hizikia fusiforme. Carbohydrate Research 1989, 194, 315-320.
434 53, Millet, J.; Jouault, S.C.; Vidal, B.; Sternberg, C.; Theveniaux, J.; Mauray, S.; Fischer, A.M.
435 Antithrombotic and anticoagulant activities of a low molecular weight fucoidan by the
436 subcutaneous route. Thrombosis and Haemostasis 1999, 81, 391-395.
437 54 Park, H.Y.; Han, M.H.; Park, C,; Jin, C.-Y.; Kim, G.-Y.; Choi, L.-W.; Kim, N.D.; Nam, T.-J.;
438 Kwon, T.K.;; Choi, Y.H. Anti-inflammatory effects of fucoidan through inhibition of nf-kb,
439 mapk and akt activation in lipopolysaccharide-induced bv2 microglia cells. Food and Chemical
440 Toxicology 2011, 49, 1745-1752.
441 55. Yang, ].W.; Yoon, S.Y.; Oh, S.J.; Kim, S.K.; Kang, K.W. Bifunctional effects of fucoidan on the
442 expression of inducible nitric oxide synthase. Biochemical and Biophysical Research
443 Communications 2006, 346, 345-350.
444  56. Huang, L.; Wen, K; Gao, X.; Liu, Y. Hypolipidemic effect of fucoidan fromlaminaria
445 japonicain hyperlipidemic rats. Pharmaceutical Biology 2010, 48, 422-426.
446 57. Maruyama, H.; Tamauchi, H.; lizuka, M.; Nakano, T. The role of nk cells in antitumor activity
447 of dietary fucoidan from undaria pinnatifida sporophylls (mekabu). Planta Medica 2006, 72,
448 1415-1417.
449 58, Haneji, K.; Matsuda, T.; Tomita, M.; Kawakami, H.; Ohshiro, K.; Uchihara, J.-N.; Masuda, M.;
450 Takasu, N.; Tanaka, Y.; Ohta, T., et al. Fucoidan extracted from cladosiphon okamuranus
451 tokida induces apoptosis of human t-cell leukemia virus type 1-infected t-cell lines and
452 primary adult t-cell leukemia cells. Nutrition and Cancer 2005, 52, 189-201.
453 59. Burrage, P.S. Matrix metalloproteinases: Role in arthritis. Frontiers in Bioscience 2006, 11.
454  60. Bendele, A. Animal models of osteoarthritis. Journal of Musculoskeletal and Neuronal
455 Interactions 2001, 1, 363-376.
456 61. Gerwin, N.; Bendele, A.M.; Glasson, S.; Carlson, C.S. The oarsi histopathology initiative —
457 recommendations for histological assessments of osteoarthritis in the rat. Osteoarthritis and
458 Cartilage 2010, 18, S24-S34.
459

460


http://dx.doi.org/10.20944/preprints201805.0053.v2

