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A B S T R A C T

Introduction: This study investigates the effects of fucoidan extracted from Sargassum

angustifolium on coagulation factors and biochemical parameters in male Wistar rats.

Fucoidan, a sulfated polysaccharide from brown algae, is known for its anticoagulant, anti-

cancer, and antioxidant properties

Methods: The study involved 25 rats, divided into control, sham, and three experimental groups,

receiving varying doses of fucoidan (100, 150, and 200mg/kg body weight) over 28 days. The

research focused on Prothrombin Time, Thrombin Time, and Partial Thromboplastin Time, along

with biochemicalmarkers like glucose, total protein, iron-related parameters, and albumin

Results: This study found that fucoidan administration did not significantly affect the

hemostasis tests, suggesting minimal impact on coagulation pathways in vivo. However, a

dose-dependent reduction in glucose levels was observed, highlighting the potential of

fucoidan as a hypoglycemic agent. Additionally, significant increases in transferrin, iron,

and ferritin levels were noted, implying enhanced iron absorption and storage

Conclusion: The findings underscore the therapeutic potential of fucoidan, particularly in

managing glucose metabolism and iron homeostasis, while its minimal anticoagulant

effect suggests safe usage in clinical settings where anticoagulation is undesirable. Further

research is recommended to explore the full clinical benefits of fucoidan.
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1 Introduction

2 Seaweeds have long been a dietary staple in many East Asian

3 cultures, revered not only for their culinary versatility but

4also for their rich nutritional profiles. These marine organisms

5are abundant in soluble dietary fibers, proteins, minerals, vita-

6mins, antioxidants, phytochemicals, unsaturated fatty acids, and

7various bioactive compounds. Recent studies have further illumi-

8nated the potential health benefits of seaweeds, highlighting their

9roles in reducing inflammation, preventing blood clots, combat-

10ing obesity, and lowering blood pressure [1,2]. Beyond these tradi-

11tional applications, seaweeds are increasingly being explored for* Corresponding author.
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12 their therapeutic potential in addressing serious conditions such

13 as cancer, allergies, diabetes, oxidative stress, and degenerative

14 diseases [3−5].

15 Among the diverse types of seaweeds, brown algae (Phaeo-

16 phyceae) are particularly noteworthy. This group includes

17 approximately 2000 species across 265 genera, such as Asco-

18 phyllum, Macrocystis, Laminaria, Eclonia, Sargassum, and Fucus

19 [6]. A key compound in brown algae is fucoidan, a sulfated

20 polysaccharide found in their cell walls. Fucoidan has gar-

21 nered significant attention due to its wide range of biological

22 activities, including anticoagulant, antiviral, anticancer, anti-

23 tumor, anti-inflammatory, and antioxidant effects [7].

24 The coagulation process, which can lead to conditions such as

25 heart attacks and strokes, is a major health concern globally. The

26 formation of blood clots involves a complex cascade of enzymatic

27 events, beginning with the activation of proenzymes and culmi-

28 nating in the conversion of fibrinogen to fibrin by thrombin [8].

29 Heparin, a widely used anticoagulant, functions by inhibiting sev-

30 eral key factors in this coagulation cascade via antithrombin III.

31 Despite its effectiveness, heparin is associated with a range of

32 side effects, including bleeding, heparin-induced thrombocytope-

33 nia (HIT), eosinophilia, skin reactions, and disturbances in liver

34 function [9,10].

35 Fucoidans, complex sulfated polysaccharides primarily

36 derived from brown seaweeds, have been studied for their

37 anticoagulant properties. Initial investigations suggested

38 potent anticoagulant activity similar to that of heparin. How-

39 ever, subsequent studies have revealed that the effects of

40 fucoidan on coagulation may be more nuanced, influenced by

41 factors such as molecular weight, sulfation pattern, and the

42 source of extraction [11,12].

43 Among its most notable therapeutic effects are its anti-

44 cancer and antioxidant activities. Fucoidan has demonstrated

45 the ability to induce apoptosis, inhibit tumor growth, and pre-

46 vent metastasis in various cancer models, making it a promis-

47 ing candidate for cancer therapy. Its antioxidant properties,

48 on the other hand, are crucial in combating oxidative stress-

49 related diseases by scavenging free radicals and enhancing

50 the body’s endogenous antioxidant defenses. The anticoagu-

51 lant effect raises concerns about the safety of fucoidan, par-

52 ticularly when used in conditions where normal blood

53 clotting is essential [13−16].

54 Of fucoidan anticoagulant activity is primarily attributed

55 to its structural characteristics, particularly the degree of sul-

56 fation and the presence of specific functional groups such as

57 fucose, uronic acid, and sulfate. The anticoagulant effect of

58 fucoidan is known to occur through several mechanisms,

59 including the potentiation of antithrombin III activity, inhibi-

60 tion of thrombin generation, and interference with the bind-

61 ing of coagulation factors to cell surfaces. The sulfated groups

62 in fucoidan molecules mimic the negative charge of heparin,

63 allowing them to interact with antithrombin III and enhance

64 its inhibitory effect on thrombin and factor Xa, crucial compo-

65 nents in the blood coagulation cascade [17,18].

66 However, despite the extensive in vitro evidence of fucoi-

67 dan anticoagulant activity, clinical studies have provided a

68 different perspective. In human trials, the anticipated antico-

69 agulant effects of fucoidan have not been consistently

70 observed, and in many cases, fucoidan has been found to

71 have minimal or no significant impact on the coagulation

72process. These findings suggest that the anticoagulant prop-

73erties of fucoidan, while evident in controlled laboratory set-

74tings, may not translate to a clinical context, where complex

75physiological factors come into play [19].

76This study aims to evaluate the effects of fucoidan

77extracted from Sargassum angustifolium on specific coagula-

78tion factors—Prothrombin Time (PT), Thrombin Time (TT),

79and Partial Thromboplastin Time (PTT)—as well as on bio-

80chemical parameters including total protein, glucose, trans-

81ferrin, iron, ferritin, and albumin in male Wistar rats. By

82investigating these parameters, this research seeks to eluci-

83date the potential of fucoidan as a therapeutic agent with a

84dual impact on coagulation and metabolic pathways. The

85results will provide valuable insights into the safe and effec-

86tive use of fucoidan in clinical settings, particularly in manag-

87ing complex metabolic conditions such as diabetes and

88anemia, while also addressing concerns related to its antico-

89agulant effects.

90Materials andmethods

91Animal preparation and grouping

92This study was conducted using 25 male Wistar rats, which

93were transferred to the animal care facility at the Islamic

94Azad University, Kazerun campus. Upon arrival, the rats were

95allowed to acclimatize to the laboratory environment for one

96week under standard housing conditions. These conditions

97included a controlled light-dark cycle (12:12 h), a temperature

98of 22§ 2 °C, and consistent ventilation. During the acclima-

99tion period, the rats were provided with free access to a stan-

100dard laboratory diet and water ad libitum. All rats received

101equal portions of the same standard diet at fixed times each

102day to minimize variations in glucose levels due to dietary

103factors.

104Following acclimatization, the rats were randomly

105assigned to one of five groups, with each group housed indi-

106vidually in labeled cages to ensure accurate identification and

107monitoring throughout the study:

108Control Group: Consisting of five rats, this group received

109only the regular diet without any additional treatment. Sham

110Group: Also consisting of five rats, this group received the reg-

111ular diet plus 1 cc of distilled water administered orally (gav-

112aging) daily for 28 days. This group served to control for any

113potential effects of the gavaging procedure. Experimental

114Group 1: This group included five rats that were administered

115100mg/kg body weight (BW) of fucoidan orally (gavaging)

116daily for 28 days along with the regular diet. Experimental

117Group 2: Consisting of five rats; this group received 150mg/kg

118BW of fucoidan orally (gavaging) daily for 28 days in addition

119to the regular diet. Experimental Group 3: This group included

120five rats that were administered 200mg/kg BW of fucoidan

121orally (gavaging) daily for 28 days along with the regular diet

122[20,21].

123Blood sample collection and coagulation factor analysis

124Blood samples were collected from each rat on day 28 at the

125end of the study period. The blood was drawn via tail vein
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126 puncture under light anesthesia to minimize stress. Each

127 blood sample was immediately placed on ice and transported

128 to the laboratory for coagulation factor analysis.

129 The coagulation parameters analyzed included Prothrom-

130 bin Time (PT), Partial Thromboplastin Time (PTT), and

131 Thrombin Time (TT). These parameters were measured using

132 standard coagulation assays to assess the impact of fucoidan

133 on the extrinsic, intrinsic, and common pathways of the coag-

134 ulation cascade.

135 Fucoidan extraction

136 The fucoidan was extracted from the brown algae Sargassum

137 angustifolium, which was collected from the shores of Bush-

138 ehr, Iran. The algae were identified at the Persian Gulf

139 Research Institute, washed with seawater, and cleaned of

140 debris and other impurities. The samples were dried in the

141 shade for four days and stored in zip-lock plastic bags.

142 For extraction, 20 g of algae were mixed with 400mL of dis-

143 tilled water and heated at 45 °C for 45 min on a shaker.

144 Sodium chloride (NaCl, 1 g) was added to adjust the pH to 7.

145 The pH was then adjusted to 7.5 with 0.1M NaOH, and the

146 mixture was kept at 45 °C for 3 h. After an hour, 24 g of NaCl

147 were added. The resulting compounds were precipitated by

148 adding 100mL of absolute ethanol and left at room tempera-

149 ture overnight. The compounds were washed twice daily for

150 two days with 500mL of distilled water for 30−60min on a

151 shaker at room temperature.

152 On the second day, the mixture was centrifuged, and the

153 supernatant was removed. An additional 100mL of absolute

154 ethanol was added and kept overnight at room temperature.

155 On the third day, the mixture was filtered, and the remaining

156 filtrate was dissolved in 150mL of distilled water and incu-

157 bated for an hour at 40 °C. The pH was adjusted to 3 with HCl

158 and filtered using a 0.2-micron filter. The solution was then

159 lyophilized to obtain fucoidan powder.

160 Biochemical analysis

161 Biochemical analysis of fucoidan, including monosaccharide

162 composition and structural characteristics, was performed

163 using high-performance liquid chromatography (HPLC) and

164 Fourier-transform infrared spectroscopy (FTIR). The hydro-

165 lyzed polysaccharide sample (90 min in 2M trifluoroacetic

166 acid at 120 °C) was injected into the HPLC system (VARIAN,

167 Pro Star, USA) using a mobile phase of acetonitrile/deionized

168 water (90:10) at a flow rate of 2mL/min. FTIR analysis (Perki-

169 nElmer FT-IR, Spectrum RXI, USA) was performed on the

170 ground sample in potassium bromide (KBr), with signals col-

171 lected automatically using 60 scans in the range of 4000−400/

172 cmwith a resolution of 32/cm.

173 Preparation of fucoidan solutions

174 One gram of fucoidan powder was dissolved in 50mL of dis-

175 tilled water and placed on a shaker at 25 °C for 12 h. The

176 resulting solution (0.02 g/mL) was filtered through a 0.4-

177 micron filter and used for coagulation assays.

178Coagulation assays

179Prothrombin Time (PT): 200mL of PT solution (thermo scien-

180tific) was warmed to 37 °C in a water bath. An aliquot of

181100mL of fresh plasma was added to test tubes containing

182200mL of PT solution, 190mL of PT solution plus 10mL of nor-

183mal saline, and 190mL of PT solution plus 10mL of fucoidan.

184The coagulation time was measured as the time taken for

185fibrin formation.

186Partial Thromboplastin Time (PTT): 100mL of PTT solution

187(thermo scientific) was warmed to 37 °C in a water bath. An

188aliquot of 100mL of fresh plasma was added to test tubes con-

189taining 90mL of PTT solution, 90mL of PTT solution plus 10mL

190of normal saline, and 90mL of PTT solution plus 10mL of fucoi-

191dan. After 2 min, 100mL of 37 °C calcium chloride solution was

192added and the coagulation time was measured.

193Thrombin Time (TT): Plasma was mixed with bovine

194thrombin reagent containing bovine albumin, calcium chlo-

195ride, and buffer. The clotting time was measured optically at

196a wavelength of 405 nm.

197Biochemical analysis of blood samples

198Total Protein: Total protein levels were measured using a

199standard Biuret method. Plasma samples were mixed with

200Biuret reagent and incubated at 37 °C for 10min. The optical

201absorbance was then measured at 540 nm using a microplate

202reader (BioTek, USA). The total protein concentration was cal-

203culated based on a standard curve prepared using bovine

204serum albumin (BSA).

205Glucose: Glucose levels were determined using a glucose

206oxidase-peroxidase (GOD-POD) method. Plasma samples

207were incubated with glucose oxidase and peroxidase

208enzymes at 37 °C for 15min, and the colorimetric reaction

209was measured at 505 nm. A glucose standard solution was

210used to generate a standard curve for glucose quantification.

211Iron-Related parameters

212Transferrin: Serum transferrin levels were measured using an

213enzyme-linked immunosorbent assay (ELISA) kit (Azma

214plast), following the manufacturer’s instructions. Optical

215absorbance was read at 450 nm, and transferrin concentration

216was calculated based on the standard provided with the kit.

217Iron (Fe): Serum iron concentration was measured using a

218colorimetric iron assay kit (Delta.dp). The plasma samples

219were mixed with a chromogen that binds iron to form a col-

220ored complex, and optical absorbance was measured at

221562 nm.

222Ferritin: Ferritin levels were determined using an ELISA kit

223(Delta.DP), following the manufacturer’s protocol. Optical

224absorbance was read at 450 nm, and ferritin concentration

225was calculated from a standard curve.

226Albumin: Plasma albumin levels were measured using the

227bromocresol green (BCG) method. Plasma samples were

228mixed with BCG reagent, and optical absorbance was mea-

229sured at 630 nm using a microplate reader. Albumin concen-

230tration was determined using a standard curve prepared with

231known albumin standards.
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232 Transferrin Saturation: Transferrin saturation percentage

233 was calculated using the following formula:

Transferrin Saturation %ð Þ

¼
serum iron

total iron binding capacity TIBCð Þ

� �

� 100

234

TIBC ¼ Transferrin � 1:25
235

236 Serum iron and TIBC levels were measured as described

237 previously, and transferrin saturation was determined

238 accordingly.

239 Results

240 The effects of fucoidan extracted from Sargassum angustifo-

241 lium on coagulation factors and biochemical parameters

242 were evaluated in maleWistar rats.

243Coagulation factors

244Prothrombin time (PT)

245The PT is a critical parameter used to evaluate the extrinsic

246pathway of coagulation. In this study, PT values were mea-

247sured across the control group and the fucoidan-treated

248groups, which received varying doses of fucoidan. As illus-

249trated in Figure 1, while there were slight variations in PT

250across the different groups, these differences were not statis-

251tically significant. The 200mg/kg BW fucoidan group exhib-

252ited a marginally higher PT compared to both the control

253group and the lower-dose fucoidan-treated groups. However,

254the overall consistency in PT values suggests that fucoidan, at

255the doses administered, does not significantly alter the

256extrinsic coagulation pathway.

257Thrombin time (TT)

258TT is a measure of the time it takes for thrombin to convert

259fibrinogen into fibrin, an essential step in the final stages of

260the coagulation cascade. The TT results, as shown in Figure 1,

Figure 1 –Prothrombin Time (PT), Thrombin Time (TT), and Partial Thromboplastin Time (PTT) inmaleWistar rats after 28 days

of fucoidan administration. The results show no statistically significant changes in PT, TT, or PTT across different fucoidan

dosages (100, 150, and 200mg/kg BW), indicating that fucoidan does not significantly alter the coagulation pathways.
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261 indicated minimal variations between the control group and

262 the fucoidan-treated groups. All groups exhibited similar TT

263 values, indicating that fucoidan administration did not sub-

264 stantially influence this coagulation parameter. This finding

265 suggests that fucoidan does not significantly affect the

266 thrombin-mediated conversion of fibrinogen to fibrin, an

267 essential component of blood clot formation.

268 Partial thromboplastin time (PTT)

269 The PTT assesses the intrinsic and common pathways of

270 coagulation. As displayed in Figure 1, the control group exhib-

271 ited the highest PTT value, while the fucoidan-treated groups

272 showed a slight, dose-dependent decrease in PTT. Among the

273 fucoidan-treated groups, the 200mg/kg group demonstrated

274 the lowest PTT value, indicating a modest reduction in the

275 time required for clot formation via the intrinsic pathway.

276 Despite these observations, the differences between the

277 groups were modest and may not be statistically significant.

278 Therefore, while fucoidan administration appears to exert a

279 mild influence on the intrinsic coagulation pathway, this

280 effect is not pronounced.

281 Biochemical parameters

282 Total protein

283 Total protein levels are an essential indicator of overall health

284 and nutritional status, reflecting the balance between protein

285 synthesis and degradation. As shown in Figure 2, total protein

286 levels were measured across the control group and the fucoi-

287 dan-treated groups. The results indicated comparable protein

288 levels for all groups, with no substantial differences observed

289between the control group and the groups treated with vari-

290ous fucoidan dosages. This finding suggests that fucoidan

291administration does not significantly impact overall protein

292metabolism or synthesis in the rats, maintaining a consistent

293total protein concentration across different treatment groups.

294Glucose

295Glucose levels were also assessed as a key biochemical

296parameter, given the known metabolic effects of fucoidan. As

297presented in Figure 3, a notable dose-dependent decrease in

298glucose levels was observed in the fucoidan-treated groups

299compared to the control group. Specifically, the 150mg/kg

300and 200mg/kg BW fucoidan-treated groups exhibited statisti-

301cally significant reductions in glucose levels (p-value< 0.0001)

302compared to the control group. The 200mg/kg BW group

303showed the most pronounced decrease in glucose concentra-

304tion, highlighting the potential of fucoidan as a hypoglycemic

305agent. This dose-dependent hypoglycemic effect suggests

306that fucoidan may influence the glucose metabolism, poten-

307tially offering therapeutic benefits for conditions character-

308ized by elevated blood glucose levels, such as diabetes

309(Figure 2).

310Iron-Related parameters

311Transferrin: The graph shows a dose-dependent increase in

312transferrin levels with increasing fucoidan dosage. The

313200mg/kg BW group exhibited significantly higher transferrin

314levels (p-value <0.001) compared to the control group. The

315100mg/kg BW group showed a slight decrease, while the

316150mg/kg and 200mg/kg BW groups demonstrated progres-

317sive increases in transferrin concentration.

Figure 2 –Effect of Fucoidan on glucose and total protein levels in maleWistar rats after 28 days of fucoidan administration. A

significant dose-dependent decrease in glucose levels is observed, particularly at 150mg/kg and 200mg/kg BW (p-

value< 0.0001). Total protein levels remain consistent across all groups, indicating no significant impact on overall protein

metabolism. ****: p-value< 0.0001.
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318 Iron (Fe): The results for serum iron (Fe) levels showed a

319 significant increase in response to fucoidan administration in

320 a dose-dependent manner. Specifically, the group receiving

321 150mg/kg BW of fucoidan exhibited a statistically significant

322 increase in serum iron levels compared to the control group

323 (p-value <0.01). Furthermore, the 200mg/kg BW dose resulted

324 in an even more pronounced elevation in serum iron levels,

325 with a highly significant difference compared to the control

326 group (p-value <0.0001). These findings suggest that fucoidan

327 may enhance iron absorption and storage at higher doses

328 (Figure 3).

329 Ferritin: Ferritin levels increased dose-dependently with

330 fucoidan treatment. The 200mg/kg BW group showed the

331 most significant increase (p-value <0.0001), followed by the

332 150mg/kg BW group (p-value <0.01), and the 100mg group (p-

333 value <0.05). This suggests that higher doses of fucoidan lead

334 to greater ferritin production or storage (Figure 3).

335 Transferrin Saturation: A dose-dependent increase in

336 transferrin saturation was observed across the experimental

337 groups. The 150mg/kg BW group showed a significant

338 increase compared to the control group (p-value <0.05), while

339 the 200mg/kg group exhibited a highly significant rise (p-

340 value <0.0001). No significant changes were noted in the

341 100mg/kg BW group compared to the control. These findings

342 suggest that higher doses of fucoidan may enhance iron

343 transport and absorption (Figure 3).

344 Albumin: The graph shows changes in albumin levels

345 across different fucoidan dosages. The 100mg/kg BW

346fucoidan group demonstrated a significant decrease in albu-

347min levels (p-value <0.0001) compared to the control. While

348the 150mg/kg BW and 200mg/kg BW groups also showed

349lower albumin values than the control, the differences were

350less pronounced and not marked as statistically significant in

351the graph. This suggests that fucoidan, particularly at lower

352doses, may influence albumin production or metabolism

353(Figure 3).

354These results indicate that fucoidan administration has

355significant effects on iron metabolism and related parame-

356ters. The observed increases in transferrin, iron, and ferritin

357levels suggest that fucoidan may enhance iron absorption,

358transport, or storage in a dose-dependent manner.

359Discussion

360A salient finding of this study is the significant, dose-depen-

361dent reduction in blood glucose levels following fucoidan

362administration. This observation aligns with emerging litera-

363ture underscoring the antidiabetic potential of fucoidan. For

364instance, Kim et al. reported that fucoidan improved insulin

365sensitivity and reduced hyperglycemia in diabetic mouse

366models [22]. The underlying mechanisms are multifactorial,

367involving the modulation of key enzymes in glucose metabo-

368lism, enhancement of insulin signaling pathways, and

369improvement of pancreatic b-cell function [23].

Figure 3 –Effect of fucoidan on iron-related parameters (Transferrin, iron (Fe), ferritin, Transferrin Saturation and albumin lev-

els) in maleWistar rats after 28 days of fucoidan administration. Fucoidan treatment resulted in a dose-dependent increase in

transferrin, iron, and ferritin levels, suggesting enhanced iron absorption and storage. Albumin levels decreased at the

100mg/kg dose, with no significant changes at higher doses, indicating a complex effect of fucoidan on protein metabolism.

****: p-value <0.0001; ***: p-value <0.001; **: p-value <0.01; *: p-value <0.05.
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370 The results of this study also revealed significant changes

371 in iron-related parameters following fucoidan administration.

372 A dose-dependent increase was observed in transferrin levels,

373 with the 200mg/kg BW group showing significantly higher

374 concentrations compared to the control. Similarly, all fucoi-

375 dan-treated groups exhibited elevated iron levels, with the

376 most pronounced increases in the 100mg/kg BW and 200mg/

377 kg BW groups. Ferritin levels also increased dose-depen-

378 dently, with all treated groups showing significant elevations

379 compared to the control.

380 The concurrent increase in transferrin and iron levels indi-

381 cates enhanced iron transport capacity, which could be bene-

382 ficial in conditions such as iron deficiency anemia. The

383 increase in transferrin and decrease in albumin are particu-

384 larly interesting, as both are considered ‘negative acute

385 phase’ proteins; typically, these proteins decrease during

386 inflammation. The lack of similar significant changes in albu-

387 min and transferrin levels in rats that received fucoidan prob-

388 ably reflects changes in iron homeostasis induced by

389 fucoidan, not due of inflammation.

390 The liver plays a central role in iron metabolism, and the

391 results of this study indicate that fucoidan may influence

392 hepatic function related to iron handling. Increased iron lev-

393 els stimulate the production of transferrin, which is primarily

394 synthesized in the liver. This increase in transferrin produc-

395 tion may be a compensatory mechanism to manage the ele-

396 vated iron levels observed. The liver also regulates ferritin

397 production, and the increased ferritin levels observed in this

398 study further support the notion of enhanced iron storage

399 capacity in response to fucoidan treatment [24].

400 Additionally, the observed changes in iron-related param-

401 eters suggest that fucoidan may enhance iron absorption in

402 the intestine. The interaction of fucoidan with the intestinal

403 epithelium could potentially modify the expression or activity

404 of iron transporters, such as divalent metal transporter 1

405 (DMT1) or ferroportin, leading to increased iron uptake. This

406 enhanced absorption could explain the elevated plasma iron

407 levels observed across all fucoidan-treated groups. The dose-

408 dependent increase in ferritin further supports this hypothe-

409 sis, as increased iron absorption would necessitate greater

410 iron storage capacity [25,26].

411 The findings of this study suggest that fucoidan supple-

412 mentation significantly influences iron metabolism in a dose-

413 dependent manner. The marked increases in transferrin,

414 serum iron, and ferritin levels, particularly in the 150mg/kg

415 and 200mg/kg BW groups, indicate that fucoidan enhances

416 iron absorption, transport, and storage. The significant rise in

417 transferrin saturation further supports this notion, suggesting

418 improved iron bioavailability. Interestingly, while the 100mg/

419 kg group did not exhibit substantial changes in transferrin

420 saturation or serum iron levels, the 150mg/kg and 200mg/kg

421 groups showed progressive increases, highlighting the impor-

422 tance of dosage of fucoidan on iron homeostasis. These

423 results align with previous studies that have suggested the

424 potential role of polysaccharides in enhancing iron metabo-

425 lism, further reinforcing the therapeutic potential of fucoidan

426 in addressing iron deficiency.

427 The lack of a significant increase in albumin, despite the

428 elevation in other liver-produced proteins like transferrin,

429 warrants further investigation. This discrepancy might be

430due to the differential effects of fucoidan on various liver

431functions or could indicate a complex interplay between iron

432metabolism and overall protein synthesis in the liver.

433The anticoagulant properties of fucoidan have been widely

434studied, particularly in vitro, where it has shown significant

435potential to inhibit various steps of the coagulation cascade.

436These effects are largely attributed to the structural features

437of fucoidan, such as its sulfation pattern and molecular

438weight, which allow it to interact with key proteins like

439thrombin and antithrombin III, thereby modulating blood

440coagulation [27,28]. However, the results from this study,

441along with emerging in vivo data, suggest that the anticoagu-

442lant efficacy of fucoidan observed in vitro does not neces-

443sarily translate to a significant impact in vivo. However, it

444is important to note that not all species of brown algae

445possess anticoagulant properties. Some species, as men-

446tioned in related literature, lack these effects, suggesting

447that the anticoagulant potential may vary significantly

448depending on the species and specific composition of

449fucoidan [29,30].

450The findings of the present study demonstrated that fucoi-

451dan, at the administered doses, did not significantly alter pro-

452thrombin time (PT), thrombin time (TT), or partial

453thromboplastin time (PTT) in Wistar rats. This discrepancy

454between in vitro and in vivo effects might be due to several

455factors. In the complex biological environment of a living

456organism, fucoidan may undergo metabolic modifications

457that reduce its interaction with coagulation factors. Addition-

458ally, the bioavailability of fucoidan and its distribution within

459the body could limit its ability to reach effective concentra-

460tions at sites where coagulation occurs.

461It is worth noting that our study utilized lower doses of

462fucoidan (100, 150, and 200mg/kg BW) compared to some pre-

463vious studies that have used very high doses (1000 and

4641500mg/kg BW). Our decision to reduce the dose was based

465on the principle of finding the minimal effective dose that

466could produce beneficial effects while minimizing potential

467side effects. The significant changes observed in glucose lev-

468els and iron-related parameters at these lower doses suggest

469that fucoidan can exert physiological effects even at more

470moderate concentrations.

471The absence of a pronounced anticoagulant effect in vivo

472paves the way for the use of fucoidan in therapeutic contexts

473where anticoagulation is undesirable. For instance, the lack of

474significant interference of fucoidan with blood clotting makes

475it a promising candidate for cancer treatment, where anticoa-

476gulation might pose risks. Fucoidan has been recognized for

477its potential anti-cancer properties, including its ability to

478induce apoptosis, inhibit tumor growth, and reduce metasta-

479sis through various mechanisms. The minimal impact on

480coagulation parameters ensures that fucoidan could be safely

481incorporated into treatment regimens without exacerbating

482bleeding risks.

483Furthermore, the anti-inflammatory and antioxidant prop-

484erties of fucoidan add another layer of therapeutic potential,

485especially in the context of chronic diseases such as cancer.

486Fucoidan has been shown to modulate inflammatory path-

487ways, reducing the production of pro-inflammatory cytokines

488and inhibiting the activation of key inflammatory cells. This,

489combined with its ability to scavenge free radicals and protect
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490 cells from oxidative stress, highlights the role of fucoidan as a

491 multi-functional therapeutic agent [29].

492 In summary, while fucoidan from Sargassum angustifolium

493 at doses of 100, 150, and 200mg/kg BWmay not exhibit signif-

494 icant in vivo anticoagulant effects, its safety profile regarding

495 coagulation, along with its beneficial properties, including

496 hypoglycemic, anti-cancer, anti-inflammatory, and antioxi-

497 dant activities, positions it as a valuable compound for the

498 development of novel therapeutic strategies. Further

499 research, particularly clinical studies, is warranted to explore

500 the full spectrum of the benefits of fucoidan in human health.
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