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AIM 
To evaluate the effect of low-frequency ultrasound with variable 
parameters and environments on biological activity of fucoidan within 
determination of human plasma coagulation values. 
METHODS 
The study was performed using fucoidan derived from the tangle Fucus 
vesiculosus. Fucoidan was processed with a high-intensity low-frequency 
ultrasound in water environment with and without administration of 
surface-active substances. The effectiveness and change in biological 
activity of the polysaccharide was evaluated using clotting tests: 
Prothrombin Test (PT test), partial thromboplastin test (APTT test), and 
Thrombin Test (TT test).  
RESULTS 
During this study, it was determined that fucoidan can extend the clotting 
time of human plasma in vitro both before and after ultrasound 
processing. Higher values were detected for fucoidan processed with the 
administration of surface-active substances. Following sonochemical 
processing, decreased fucoidan activity was detected by TT and APTT 
tests compared to the original polysaccharide. Increased ultrasound 
intensity leads to retained biopolymer activity in the APTT test. During 
determination of methods of coagulation process inhibition, the effect of 
processed fucoidan on the external and internal ways of blood clotting 
was confirmed. As a result of the study, the most favorable conditions for 
hydroacoustic processing aimed at maintaining the biological activity of 
fucoidan were determined. 
CONCLUSION 
Based on the obtained data, we can suggest that using fucoidan after 
sonochemical processing in the development of thrombolytic therapy 
products can be advantageous.  
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 Fucoidan is a highly sulphated 

heteropolysaccharide with properties similar to 

those of heparin. This polysaccharide is 

characterised by a high availability of its source, 

that is, tangles, with a wide spectrum of biological 

activity, which makes this study advantageous in 

terms of its introduction into clinical practice. The 

polysaccharide is known for its heparin-like effect 

with expressed anticoagulation properties.1 

However; the molar weight of this polysaccharide is 

highly variable. Fucoidan can be classified as low-

molecular (3 to 8 kDa) and high-molecular (more 

than 2000 kDa). As a rule, the high molecular type 

is represented by native fucoidan with large 

molecules, leading to low permeability of the cell 

membrane and decreased effectiveness. Some 

types of activity were detected to increase with 

decreasing polymerization, which may be associated 

with increased solubility of the polysaccharide in 

water.2 Decreasing the polymerization of 

polysaccharides is possible using several 

approaches, including ultrasound processing. 

Ultrasound processing has been studied for many 

polysaccharides (such as chitosan,3 dextran,4,5 

cellulose6), showing high effectiveness. Using this 

method of biopolymer degradation, a 

polysaccharide water solution can be obtained 

without the administration of toxic solvents and 

with a saving effect on the chemical structure of the 

polysaccharide7 and a limited molar weight 

distribution.8 In addition, ultrasound increases the 

biological activity of polysaccharides.9 Thus, it was 

detected that antioxidant activity increased after 

ultrasound processing of yellow-tea 

polysaccharide.10 At the same time, in general, the 

relevant structural characteristics of individual 

polysaccharides are retained, such as acidylation 

and methylation grade (for pectin) and 

monosaccharide composition.11 However, fucoidan 

ultrasound destruction was considered only for 

some of its types, such as fucoidan derived from 

the sea gherkin Isostichopus badionotus,10 for 

which polysaccharide anticoagulation activity was 

not studied. Based on the above, this study aimed 

to determine how anticoagulation activity of human 

plasma changes in the presence of ultrasound 

processed fucoidan. During the study, varying 

parameters of tangle-derived ultrasound processing 

of tangle-derived polysaccharide were used to 

determine the most favorable ones. We also 

supposed that administration of surface-active 

substances into the processing environment would 

increase solubility of the polysaccharide in water 

and, respectively, the effect of ultrasound, and also 

decrease the radical effect of sonolysis through 

stabilization of Н2О2 created during the ultrasound 

processing. We used ionogenic (SDS) and non-

ionogenic (PEG-400) surface-active substances. 

 

Isolation of Fucoidan from Brown Algae 

For ultrasonic treatment, we used a polysaccharide 

obtained from the brown alga Fucus vesiculosus 

according to the method presented in work,12 with 

some modifications. The subsequent purification 

was carried out in accordance with the work of A. 

M. Urvantseva et al.13 

Ultrasonic Treatment of Fucoidan 

The obtained biopolymer was dispersed in deionized 

water at a concentration of 10 mg / ml using an 

ultrasonic homogenizer UIP 1000 hd (20 kHz, 250 

W / cm2) (Hielscher Ultrasonics GmbH, Germany) 

with a maximum intensity of 250 W / cm2 and a 

frequency of 20 kHz. Cooling was carried out using 

an ice bath. During the study, the amplitude was 

varied with a value of 20 %, 40 %, 80 % of the 

working cycle, which corresponds to an intensity of 

100, 133, 200 W / cm2, respectively, with a period 

of 40 min (t) in the absence and introduction of 

surfactants. The temperature was monitored using 

a thermal sensor and did not exceed 313 K. 

Coagulation Testing of Human Blood Plasma 

in the Presence Of Fucoidan 

All clotting tests were performed using an EMCO 

coagulometer (APG 4-03-Px). At the end of 

coagulation, the measured clotting time was 

expressed in seconds. As a control, 50 μl of human 

blood plasma containing 10 μl of 0.9 % NaCl was 

taken. Determination of clotting time (PT test) was 

performed using 100 μl of thromboplastin-calcium. 

Determination of activated partial thromboplastin 

time (APTT test) was performed using 50 μl of the 

APTT reagent and 50 μl of 0.025 M CaCl2 (at 37 °C 

for 30 min). Determination of thrombin clotting time 

(TT test) was performed using 50 μl of thrombin. 

Determination of Antimicrobial Activity 

The study of antibacterial activity was carried out 

by the disk diffusion method14 with some 

modifications. Briefly, Escherichia coli and 

Staphylococcus aureus were cultured at 37 °C after 

24 h on meat peptone agar (peptone 5.0, meat 

extract 3.0, agar 15.0). Before incubation, a sterile 

disk (5 mm) was loaded with 10 μg / ml of simple 

fucoidan and dried at room temperature under 

sterile condition in a Petri dish. Then, the zone of 

inhibition was measured. 

 

Modification of polysaccharides after ultrasound 

processing can serve as a basis for changing its 

INTRODUCTION 

MATERIALS and METHODS 
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biological characteristics. Thus, the anticoagulation 

activity of fucoidan is directly related to the molar 

weight of the polymer. Fucoidan has an effect on 

internal and external coagulation ways,15 however, 

the mechanism of it action depends on the molar 

weight of the biopolymer. Thus, fucoidan with a low 

molar weight activates the antithrombin and 

heparin cofactor II, while fucoidan with a high 

molar weight interacts directly with thrombin16 

provided that there is a conformation suitable for 

thrombin fixation.17  

To determine anticoagulation activity and 

mechanism of action of ultrasound-processed 

fucoidan, PT, TT and APTT clotting tests were used. 

For these tests, the following fucoidan water 

solutions were used: non-processed (original) (I); 

processed with ultrasound intensity 100 W / cm2 

(II), 133 W / cm2 (III), 200 W / cm2 (IV); 

processed with ultrasound intensity 133 W / cm2 

but in the presence of SDS (III) and PEG-400 (III) 

(Table 1). 

Sample 

Conditions 
for 

obtaining (I 
Вт/см2; 

SAS) PT, с TТ, с APTT, с 

I - 
22,2 ± 
1,02 

16,49 ± 
0,29 

51,9 ± 
1,71 

II 100 
28,7 ± 
0,98 

15,81 ± 
0,49 

45,7 ± 
1,51 

III 133 
32,8 ± 
1,44 

15,13 ± 
0,53 

44,5 ± 
1,47 

IV 200 

33,4 ± 

1,49 

20,15 ± 

0,34 

52,8 ± 

1,78 

III´ 133; SDS 
50,6 ± 
1,73 

20,63 ± 
0,98 

51,1 ± 
1,69 

III ˝ 
133; PEG-
400 

53,2 ± 
1,77 

23,12 ± 
0,54 

52,4 ± 
1,73 

0,9 % 
NaCl - 

19,3 ± 
0,82 

8,40 ± 
0,14 

28,8 ± 
0,95 

Heparin - 

37,6 ± 

0,95 < 300 

276,6 ± 

9,15 

Table 1. Anticoagulant activity of fucoid an 
depending on the intensity of ultrasound 

exposure and the presence of surfactants. 

 

To determine the effect of polysaccharide samples 

on the external way of blood clotting, a PT test was 

performed. It was detected that this parameter 

increased with increasing ultrasound intensity. The 

mechanism of action of fucoidan in this test is 

based on thrombin fixation; therefore, the growth 

of PT to 33.4 ± 1.49 for processed fucoidan can be 

associated with a change in the electrochemical 

potential and the conformation of fucoidan 

molecules as a result of ultrasound processing, 

which facilitates its fixation with thrombin. When 

surface-active substances are administrated into the 

processing environment, the electrochemical 

potential of polysaccharide particles that exist in the 

solution may change, which changes the ability of 

fucoidan molecules to interact with thrombin. 

Prothrombin time increase was observed, with a 

value higher than that obtained for heparin as a 

result of PT test. 

To detect the effect of fucoidan on the speed of 

fibrin generation from fibrinogen, a TT test was 

performed. The mechanism of effect of fucoidan on 

thrombin time is associated with inhibition of 

activity of a cascade of serine proteases18 and 

interactions between thrombin and fibrinogen19.  

The speed of fibrine clot building in vitro in the 

presence of samples drops with increasing intensity 

of ultrasound up to 133 W / cm2. This may be 

associated with a change in fucoidan 

gradesulfating2 of fucoidan due to desulfating, 

oxidation, and other side effects of ultrasound that 

decrease the number of "available" sulfate groups.  

With increasing intensity of ultrasound effect up to 

200 W / cm2 or with SAS administration with 

retained intensity of 133 W / cm2, fibrinogen 

transformation to fibrin slows down, the maximum 

speed being 23.12 ± 0.54 s (when processed in an 

environment containing PEG - 400). On one hand, 

such change in TT test values may be associated 

with dropping size of fucoidan macro-molecules20 as 

a result of ultrasound de-polymerization and with 

changed correlation between residual sugars and 

sulphate groups.21 On the other hand, when 

ionogenic SAS is used in the processing 

environment, it may be absorbed on the surface of 

polysaccharide particles, changing their charge and 

conformation. These conditions allow fucoidan to be 

fixed more effectively with thrombin, while 

decreasing the functional effectiveness of enzymic 

complexes of blood clotting factors. 

 

 

A similar change in activity can be seen when 

determining the effect of fucoidan on the internal 

way of blood clotting (APTT test). The highest value 

in this test, 52.8 ± 1.78 s, was obtained by the 

fucoidan sample generated with the maximum 

ultrasound intensity (200 W / cm2). 

Fucoidan inhibits biofilm formation in Escherichia 

coli and Staphylococcus aureus. It is known that 

crude fucoidans did not show antibacterial activity, 

but their depolymerized products inhibited the 

proliferation of Escherichia coli and Staphylococcus, 

which is confirmed in this work.22 

Growth inhibition was enhanced with a decrease in 

the particle size of macromolecules (for samples 2 

and 4, Escherichia coli; for 3 Staphylococcus 

aureus, compared to untreated fucoidan (Figure 1), 

which is consistent with the data obtained in.23 This 

may be due to stronger polyanionic properties and 

conformational characteristics.22,23 
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In addition, the antibacterial action of fucoidan may 

be associated with the disruption of the cytoplasmic 

membrane permeability and resulting protein 

leakage and DNA damage.14,24 

 

The effect of high intensity, low frequency 

ultrasound processing on the biological activity of 

fucoidan was detected. The study determined and 

selected the most favorable conditions for 

ultrasound processing (intensity, SAS) for 

polysaccharide destruction. We conclude that 

ultrasound processing of fucoidan is an 

environmentally friendly, inexpensive, and effective 

method for modifying this polymer; it can be used 

to obtain low-molecule fractions of fucoidan with 

predictable activity. During determination of 

methods of coagulation process inhibition, the 

effect of processed fucoidan on the external and 

internal ways of blood clotting was confirmed. 

Thanks to a lower anticoagulation activity of 

processed fucoidan vs. heparin, thrisk of bleeding 

can be reduced. Besides, low toxicity vs. heparin of 

animal origin may facilitate using the resulting 

fucoidan in the development of thrombolytic 

therapy products. 

 

1. Matsubara K, Matsuura Y, Bacic A, et al. 

Anticoagulant properties of a sulfated galactan 

preparation from a marine green alga, Codium 

cylindricum. Int J Biol Macromol 2001;28:395–9.  

2. Wang J, Zhang Q, Zhang Z, Song H, et al. 

Potential antioxidant and anticoagulant capacity of 

low molecular weight fucoidan fractions extracted 

from Laminaria japonica. Int J Biol Macromol 

2010;46:6–12.  

3. Baxter S, Zivanovic S, Weiss J. Molecular weight 

and degree of acetylation of high-intensity 

ultrasonicated chitosan. Food Hydrocoll 

2005;19:821–30.  

4. Mason J, Cuthbert C, Brookfield A. Effect of 

ultrasound on the degradation of aqueous native 

dextran. Ultrason Sonochem 1995;2:1–3.  

5. Portenlänger G, Heusinger H. The influence of 

frequency on the mechanical and radical effects for 

the ultrasonic degradation of dextranes. Ultrason 

Sonochem 1997;4:127–30.  

6. Aimin T, Hongwei Z, Gang C, Guohui X, Wenzhi 

L. Influence of ultrasound treatment on accessibility 

and regioselective oxidation reactivity of cellulose. 

Ultrason Sonochem 2005;12:467–72.  

7. Čížová A, Bystrický P, Bystrický S. Ultrasonic and 

free-radical degradation of mannan from Candida 

albicans. Int J Biol Macromol 2015;75:32–6.  

8. Yan J, Wang Y, Ma H, et al. Ultrasonic effects on 

the degradation kinetics, preliminary 

characterization and antioxidant activities of 

polysaccharides from Phellinus linteus mycelia. 

Ultrason Sonochem 2016;29:251–7.  

9. Yuan D, Li C, Huang Q, et al. Ultrasonic 

degradation effects on the physicochemical, 

rheological and antioxidant properties of 

polysaccharide from Sargassum pallidum. 

Carbohydr Polym 2020;239:116230.  

10. Guo X, Ye X, Sun Y, Wu D, Wu N, Hu Y, et al. 

Ultrasound effects on the degradation kinetics, 

structure, and antioxidant activity of sea cucumber 

fucoidan. J Agric Food Chem 2014;62:1088–95.  

11. Zhang L, Ye X, Xue J, et al. Effect of high-

intensity ultrasound on the physicochemical 

properties and nanostructure of citrus pectin. J Sci 

Food Agric 2013;93:2028–36.  

12. Zvyagintseva TN, Shevchenko NM, Popivnich IB, 

et al. A new procedure for the separation of water-

soluble polysaccharides from brown seaweeds. 

Carbohydr Res 1999;322:32–9.  

13. Urvantseva AM, Bakunina IU, Kim NYU, et al. 

Isolation of purified fucoidan from a natural 

complex with polyphenols and its characteristics. 

Chemistry of Plant Raw Materials 2004: 15–24. 

14. Palanisamy S, Vinosha M, Rajasekar P, et al. 

Antibacterial efficacy of a fucoidan fraction (Fu-F2) 

extracted from Sargassum polycystum. Int J Biol 

Macromol 2019;125:485–95.  

15. De Zoysa M, Nikapitiya C, Jeon YJ, et al. 

Anticoagulant activity of sulfated polysaccharide 

isolated from fermented brown seaweed Sargassum 

fulvellum. J Appl Phycol 2008;20:67–74.  

16. Zhu Z, Zhang Q, Chen L, et al. Higher specificity 

of the activity of low molecular weight fucoidan for 

REFERENCES 

CONCLUSION 

https://www.sciencedirect.com/science/article/abs/pii/S0141813001001374?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S0141813009002384
https://linkinghub.elsevier.com/retrieve/pii/S0141813009002384
https://www.sciencedirect.com/science/article/abs/pii/135041779400013I
https://www.sciencedirect.com/science/article/abs/pii/135041779400013I
https://www.sciencedirect.com/science/article/abs/pii/135041779400013I
https://www.sciencedirect.com/science/article/abs/pii/S1350417704001403?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813015000227?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813015000227?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1350417715300481?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0144861720304045?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0144861720304045?via%3Dihub
https://pubs.acs.org/doi/10.1021/jf404717y
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.6011
https://www.sciencedirect.com/science/article/abs/pii/S0008621599002062
https://www.sciencedirect.com/science/article/abs/pii/S0008621599002062
https://link.springer.com/article/10.1007/s10811-007-9182-7
https://linkinghub.elsevier.com/retrieve/pii/S0049384810001581
https://linkinghub.elsevier.com/retrieve/pii/S0049384810001581


Jebmh.com                                                                               Research Article 
 

J Evid Based Med Healthc, pISSN - 2349-2562, eISSN - 2349-2570 / Vol. 9 / Issue 05 / April. 05, 2022       Page  5  

 

thrombin-induced platelet aggregation. Thromb Res 

2010;125:419–26.  

17. Li B, Lu F, Wei X, et al. Fucoidan: Structure and 

bioactivity. Molecules 2008;13:1671–95.  

18. Athukorala Y, Jung W, Vasanthan T, et al. An 

anticoagulative polysaccharide from an enzymatic 

hydrolysate of Ecklonia cava. Carbohydr Polym 

2006;66:184–91.  

19. Nishino T, Aizu Y, Nagumo T. The influence of 

sulfate content and molecular weight of a fucan 

sulfate from the brown seaweed Ecklonia kurome 

on its antithrombin activity. Trombos Res 

1991;64:723–31.  

20. Lahrsen E, Schoenfeld A-K, Alban S. Size-

dependent pharmacological activities of differently 

degraded fucoidan fractions from fucus vesiculosus. 

Carbohydr Polym 2018;189:162–8.  

21. Nishino T, Nagumo T. The sulfate-content 

dependence of the anticoagulant of a fucan sulfate 

from the brown seaweed Ecklonia. Carbohydr Res 

1991;214:193–7.  

22. Flórez-Fernández N, Torres MD, González-

Muñoz MJ, et al. Potential of intensification 

techniques for the extraction and depolymerization 

of fucoidan. Algal Res 2018;30:128–48.  

23. Liu M, Liu Y, Cao M-J, et al. Antibacterial activity 

and mechanisms of depolymerized fucoidans 

isolated from Laminaria japonica. Carbohydr Polym 

2017;172:294–305.  

24. Dos Santos Amorim R das N, Rodrigues JAG, 

Holanda ML, et al. Antimicrobial effect of a crude 

sulfated polysaccharide from the red seaweed 

gracilaria ornata. Brazilian Arch Biol Technol 

2012;55:171–81. 

(MRPFT)

https://www.mdpi.com/1420-3049/13/8/1671
https://www.mdpi.com/1420-3049/13/8/1671
https://www.sciencedirect.com/science/article/abs/pii/S0144861706001196
https://www.thrombosisresearch.com/article/0049-3848(91)90072-5/pdf
https://linkinghub.elsevier.com/retrieve/pii/S0144861718301838
https://linkinghub.elsevier.com/retrieve/pii/S0144861718301838
https://linkinghub.elsevier.com/retrieve/pii/S0008621500905421
https://www.sciencedirect.com/science/article/abs/pii/S2211926417310573
https://linkinghub.elsevier.com/retrieve/pii/S0144861717305775
https://linkinghub.elsevier.com/retrieve/pii/S0144861717305775

