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 In this work, the chance of the microcapsules development by layer-by-layer 
adsorption of biopolyelectrolytes was investigated on the cores of inorganic 
(particles CaCO3) and polymer nature (polystyrene particles). We have 
assessed the size of got microcapsules, their shape, and quantitative yield. 
Fucoid (F) was utilized as a high atomic weight polyanion, and ox-like serum 
egg whites (BSA) was utilized as a high subatomic weight polycation. The 
cores expulsion was completed by bringing down the pH of framework to 4, 
on account of a carbonate grid, or by cleaning out using tetrahydrofuran, on 
account of polystyrene transporters. It was tracked down that the idea of 
network used to frame microcapsules influences the level of protein fuse and 
the yield of polyelectrolyte particles. 
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Introduction 

Today, in the pharmaceutical industry, the 

problem of developing new technologies for 

creating drugs with desired properties to increase 

the efficiency of their action and reduce side 

effects is becoming more urgent. One of the 

promising and popular development methods is 

the microencapsulation method. 

Microencapsulation allows you to enhance the 

therapeutic effect, improve the pharmacokinetic 

profile, increase bioavailability, and at the same 

time, reduce the side effects of pharmaceuticals, as 

well as increase chemical and conformational 

stability. Synthetic (polyacrylates, 

polydioxanones, and polycaprolactones) or 

natural polymers (lipids, proteins, and 

polysaccharides), or a combination thereof, are 

used as material for the microcapsules formation. 

The physicochemical characteristics of the created 

microcapsules (size, stability, and number of 

layers) depend on a number of factors, including 

the pH of the medium, surfactant, temperature, 

etc. Interest in natural polymers is due to the fact 

that they are not toxic, do not cause allergic 

reactions, their decay products do not accumulate 

in the body, and can be removed from it or 

participate in further metabolism. Biopolymers 

effectively interact with cells, which increases the 

productivity of their action. In addition, naturally 

occurring polyelectrolytes have reactive 

functional groups that easily enter into chemical 

reactions. 

Fucoid is a sulfated heteropolysaccharide isolated 

from brown algae that are widespread in the seas 

of polar and temperate latitudes. Fucoid has a 

number of important characteristics such as the 

prevalence and availability of polysaccharide 

source. This polysaccharide is isolated from 

brown algae that are widespread in the seas of the 

polar and temperate latitudes. In addition, it has a 

wide range of biological activity and is 

anticoagulant [1], antitumor, immunomodulatory 

[2], antibacterial, antiviral [3], and anti-

inflammatory [4] agents. A number of scientific 

studies [5-7] showed that the polysaccharide 

induces apoptosis and inhibits angiogenesis, 

metastasis and invasion of various cancer cells, i.e. 

it is a potent antigenic and anticancer agent, 

promising for cancer therapy .Thus, under the 

action of fucoid, a significant decrease in vitro 

viability of B16 melanoma and carcinoma cells 

inhibits their growth.  

But at the same time, from viewpoint of the 

physics of solutions, fucoid has the ability to gel 

formation, self-organization, and can act as a 

stabilizer and emulsifier. With a deeper study of 

the properties of fucoid, its fields of application 

are also expanding. It is possible to single out such 

areas as therapy of infectious diseases, therapy of 

diabetic retinopathy, etc. Microcapsules formed 

with the use of fucoid can be used for the delivery 

of biologically active substances. There is further a 

high probability of an increase in the biological 

activity of polysaccharide itself, due to the fact that 

in solution, it is in a free state and can easily 

change its conformation, while in microcapsules, 

the structure is fixed and can contribute to a more 

effective interaction with the studied objects [8]. 

There are many works aimed at studying the 

conditions for the formation of 

protein/polysaccharide complexes [8-10], and 

only a small number of them investigate 

BSA/fucoid conjugates [11, 12]. The driving force 

behind the formation of polyelectrolyte 

protein/polysaccharide complexes is the 

electrostatic interaction between oppositely 

charged biopolymers. The completeness of 

formation of complexes, their solubility depends 

on pH, ionic strength of the medium, and the 

protein/polysaccharide ratio [2]. Microstructure 

Fucoid tourism facilities can be used to deliver a 

variety of substances, with few restrictions on 

their chemical nature, properties, and molecular 

size, which provides a unique opportunity to solve 

many medical problems. In this work, the 

formation possibility of microcapsules by layer-

by-layer adsorption of biopolyelectrolytes on 

carriers of inorganic and polymeric nature is 

considered as the obtained microcapsules, shape, 

and quantitative yield of formed particles. Fucoid 

was used as a high molecular weight polyanion, 

polycation-bovine serum albumin (BSA), matrices 

were CaCO3, and polystyrene microparticles. 

The degree of protein inclusion (SRB) and the 

yield of the obtained microparticles (BM) were 

calculated using the formulas, the quantitative 

protein content was determined 
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spectrophotometrically using the Bradford 

method: 

𝑆𝑅𝐵 =
𝑚1 −𝑚2

𝑚1
∗ 100% 

Where, m1 is the initial mass of the protein, m2 is 

the mass of the unincorporated protein. VM was 

calculated as a percentage of the polymers weight 

used for their formation:  

𝑉𝑀 =
𝑚2

𝑚1
∗ 100% 

Where, m1 is the initial mass of polymers in 

solution, m2 is the mass of microparticles that do 

not contain a nucleus. Microparticles were 

visualized using a Motic optical microscope. 

Results and Discussion 

The polysaccharide used in this work is a 

weakness with a lie electrolyte and the degree of 

its dissociation strongly depends on the pH of 

medium. It is known that a fucoid solution has a 

maximum negative charge at pH 7. Therefore, a 

polysaccharide solution with an appropriate pH 

was prepared. Polyelectrolyte microcapsules 

were obtained by sequential adsorption of 

negatively charged F and positively charged BSA 

on carbonate and polystyrene microparticles due 

to the surface of carbonate matrices has a positive 

charge [13], and polystyrene ones - negative [14], 

and then BSA was applied in the first layer at pH 

7.4, and then F with the formation of a 

polyelectrolyte complex. The sequential 

application was repeated until the required 

number of layers was reached. Removal of the 

nucleus from the microcapsules formed on the 

CaCO3 matrix was carried out using 0.1 M HCl, due 

to which, in addition to dissolve the core, the pH of 

the system was lowered to 4, which led to the 

formation of a denser F/BSA complex. Thus, a 

gradual decrease in the pH of the system initially 

leads to the interaction of amino groups of the 

protein and the side chains of fucoid with the 

formation of a soluble protein/polysaccharide 

complex, a further decrease in pH leads to charge 

neutralization, and an insoluble complex is 

formed. When pH 4 is reached, the structure of the 

complex is densified due to the maximum 

interaction of protein-polysaccharide [15]. The 

polystyrene core was removed by treating the 

resulting particles with THF. The resulting 

microcapsules and microparticles had a shape 

close to spherical. Removing the core resulted in a 

resizing the multilayer particles (Figure 1). 

Therefore, the size of microparticles formed on 

polystyrene matrices, before removal of the core 

was within 3.65 ± 0.8 μm, and the diameter of the 

microcapsules was 2.79 ±0.5 μm. When using a 

carbonate matrix up to and after removing the 

core, the diameter of the obtained multilayer 

microcapsules did not change significantly and 

amounted to 4.10 ± 0.9 μm and 3.98 ± 0.6 μm. 

Determination of SRB protein was carried out 

spectrophotometrically according to the Bradford 

method. The yield of polyelectrolyte complex was 

determined by weight method. It was found that 

the nature of matrix used for their formation 

affects the yield of multilayer microcapsules. Thus, 

microcapsules formed by layer-by-layer 

adsorption on a carbonate matrix had a higher 

yield (47.73 ± 0.33%) than microcapsules formed 

on a polystyrene matrix (38.26 ± 0.13%). 

Likewise, the degree of protein incorporation 

depends on the type of carrier. The use of the 

CaCO3 matrix led to a more efficient incorporation 

of the protein and amounted to 73.33 ± 0.43%. The 

observed increase in the yield of microcapsules, 

formed on a carbonate matrix, as well as a higher 

degree of protein inclusion can be associated with 

the porosity of surface of carbonate particles and 

associated sorption processes. 
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Figure 1: (a) Microcapsules formed on a carbonate matrix (microcapsules I) and (b) microcapsules formed on a 

polystyrene matrix (microcapsules II) 

 

Figure 2: The degree of protein incorporation (SRB) and the yield of microcapsules (BM) when using matrices of 
different nature 

a) 

b) 
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Conclusion 

As a result of the work, multilayer microcapsules 

were used based on natural polymers (BSA/F) 

using inorganic and organic matrices. The 

resulting microcapsules had a shape close to 

spherical, with varying sizes before and after the 

removal of nucleus, which was proved using the 

method of dynamic light scattering. In addition, 

the quantitative yield of microcapsules was 

studied as well as the degree of protein inclusion. 

It was found that the considered parameters are 

significantly influenced by the nature of the matrix 

applicable for the formation of microcapsules, 

which may be associated with the porosity of the 

surface of inorganic nuclei and associated 

sorption processes. 

Disclosure Statement 

No potential conflict of interest was reported by 

the authors. 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, commercial, 

or not-for-profit sectors. 

Authors' Contributions 

All authors contributed to data analysis, drafting, 

and revising of the paper and agreed to be 

responsible for all the aspects of this work. 

ORCID 

Ali L Alfalluji 

https://orcid.org/0000-0003-1876-2444 

Fadhel Omran Essa 

https://orcid.org/0000-0001-9398-3605 

References 

[1]. Nagumo T., Nishino T., Fucan sulfates and their 

anticoagulant activities, Polysaccharides in 

medicinal applications, 2017, 545 [Google 

Scholar], [Publisher] 

[2]. Khil’chenko S.R., Zaporozhets T.S., Shevchenko 

N.M., Zvyagintseva T.N., Vogel U., Seeberger P., 

Lepenies B., Immunostimulatory activity of 

fucoidan from the brown alga Fucus evanescens: 

role of sulfates and acetates, Journal of 

Carbohydrate Chemistry, 2011, 30:291 [Crossref], 

[Google Scholar], [Publisher] 

[3]. Bilan M.I., Grachev A.A., Shashkov A.S., 

Nifantiev N.E., Usov A.I., Structure of a fucoidan 

from the brown seaweed Fucus serratus L., 

Carbohydrate research, 2006, 341:238 [Crossref], 

[Google Scholar], [Publisher] 

[4]. Lee S.H., Ko C.I., Jee Y., Jeong Y., Kim M., Kim J.S., 

Jeon Y.J., Anti-inflammatory effect of fucoidan 

extracted from Ecklonia cava in zebrafish model, 

Carbohydrate polymers, 2013, 92:84 [Crossref], 

[Google Scholar], [Publisher] 

[5]. Senthilkumar K., Manivasagan P., Venkatesan 

J., Kim S.K., Brown seaweed fucoidan: biological 

activity and apoptosis, growth signaling 

mechanism in cancer, International journal of 

biological macromolecules, 2013, 60:366 

[Crossref], [Google Scholar], [Publisher] 

[6]. Marudhupandi T., Kumar T.T.A., 

Lakshmanasenthil S., Suja G., Vinothkumar T., In 

vitro anticancer activity of fucoidan from 

Turbinaria conoides against A549 cell lines, 

International journal of biological macromolecules, 

2015, 72:919 [Crossref], [Google Scholar], 

[Publisher] 

[7]. Kalimuthu S., Kim S.K., Fucoidan, a sulfated 

polysaccharides from brown algae as therapeutic 

target for cancer, Handbook of anticancer drugs 

from marine origin, 2015, 145-164. [Crossref], 

[Google Scholar], [Publisher] 

[8]. Kim D.Y., Shin W.S., Unique characteristics of 

self-assembly of bovine serum albumin and 

fucoidan, an anionic sulfated polysaccharide, 

under various aqueous environments, Food 

Hydrocolloids, 2015, 44:471 [Crossref], [Google 

Scholar], [Publisher] 

[9]. Chen M.C., Wong H.S., Lin K.J., Chen H.L., Wey 

S.P., Sonaje K., Lin Y.H., Chu C.Y. Sung H.W., The 

characteristics, biodistribution and bioavailability 

of a chitosan-based nanoparticulate system for the 

oral delivery of heparin, Biomaterials, 2009, 

30:6629 [Crossref], [Google Scholar], [Publisher] 

[10]. Xia S., Li Y., Zhao Q., Li J., Xia Q., Zhang X., 

Huang Q., Probing conformational change of 

bovine serum albumin–dextran conjugates under 

controlled dry heating, Journal of agricultural and 

food chemistry, 2015, 63:4080 [Crossref], [Google 

Scholar], [Publisher] 

https://orcid.org/0000-0003-1876-2444
https://orcid.org/0000-0001-9398-3605
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fucan+sulfates+and+their+anticoagulant+activities%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fucan+sulfates+and+their+anticoagulant+activities%2C+&btnG=
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203742815-18/fucan-sulfates-anticoagulant-activities-terukazu-nagumo-takashi-nishino
https://doi.org/10.1080/07328303.2011.604456
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Immunostimulatory+activity+of+fucoidan+from+the+brown+alga+Fucus+evanescens%3A+role+of+sulfates+and+acetates%2C+&btnG=
https://www.tandfonline.com/doi/abs/10.1080/07328303.2011.604456
https://doi.org/10.1016/j.carres.2005.11.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Structure+of+a+fucoidan+from+the+brown+seaweed+Fucus+serratus+L.%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0008621505005197
https://doi.org/10.1016/j.carbpol.2012.09.066
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anti-inflammatory+effect+of+fucoidan+extracted+from+Ecklonia+cava+in+zebrafish+model%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0144861712009848
https://doi.org/10.1016/j.ijbiomac.2013.06.030
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Brown+seaweed+fucoidan%3A+biological+activity+and+apoptosis%2C+growth+signaling+mechanism+in+cancer&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813013003589
https://doi.org/10.1016/j.ijbiomac.2014.10.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+vitro+anticancer+activity+of+fucoidan+from+Turbinaria+conoides+against+A549+cell+lines&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813014006813
https://doi.org/10.1007/978-3-319-07145-9_7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fucoidan%2C+a+sulfated+polysaccharides+from+brown+algae+as+therapeutic+target+for+cancer%2C+Handbook+of+anticancer+drugs+from+marine+origin&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-07145-9_7
https://doi.org/10.1016/j.foodhyd.2014.10.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Unique+characteristics+of+self-assembly+of+bovine+serum+albumin+and+fucoidan%2C+an+anionic+sulfated+polysaccharide%2C+under+various+aqueous+environments%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Unique+characteristics+of+self-assembly+of+bovine+serum+albumin+and+fucoidan%2C+an+anionic+sulfated+polysaccharide%2C+under+various+aqueous+environments%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0268005X14003725
https://doi.org/10.1016/j.biomaterials.2009.08.030
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+characteristics%2C+biodistribution+and+bioavailability+of+a+chitosan-based+nanoparticulate+system+for+the+oral+delivery+of+heparin%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0142961209008734
https://doi.org/10.1021/jf506267r
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Probing+conformational+change+of+bovine+serum+albumin%E2%80%93dextran+conjugates+under+controlled+dry+heating%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Probing+conformational+change+of+bovine+serum+albumin%E2%80%93dextran+conjugates+under+controlled+dry+heating%2C+&btnG=
https://pubs.acs.org/doi/abs/10.1021/jf506267r


Alfalluji A.L., and Fadhel Omran E., / J. Med. Chem. Sci. 2023, 6(9) 2228-2233 

2233 | P a g e  

 

 [11]. Kim D.Y., Shin W.S., Characterisation of 

bovine serum albumin–fucoidan conjugates 

prepared via the Maillard reaction, Food 

chemistry, 2015, 173:1 [Crossref], [Google 

Scholar], [Publisher] 

[12]. Kim D.Y., Shin W.S., Functional 

improvements in bovine serum albumin–fucoidan 

conjugate through the Maillard reaction, Food 

chemistry, 2016, 190:974 [Crossref], [Google 

Scholar], [Publisher] 

[13]. Berth G., Voigt A., Dautzenberg H., Donath E., 

Möhwald H., Polyelectrolyte complexes and layer-

by-layer capsules from chitosan/chitosan sulfate, 

Biomacromolecules, 2002, 3:579 [Crossref], 

[Google Scholar], [Publisher] 

[14]. Pinheiro A.C., Bourbon A.I., Cerqueira M.A., 

Maricato É., Nunes C., Coimbra M.A., Vicente A.A., 

Chitosan/fucoidan multilayer nanocapsules as a 

vehicle for controlled release of bioactive 

compounds, Carbohydrate polymers, 2015, 115:1 

[Crossref], [Google Scholar], [Publisher] 

[15]. de Souza C.J.F., Ramos A.V., Câmara P.B., 

Gulao E.S., de Campos M.F., Garcia-Rojas E.E., 

Polymeric complexes obtained from the 

interaction of bovine serum albumin and κ-

carrageenan, Food Hydrocolloids, 2015, 45:286 

[Crossref], [Google Scholar], [Publisher] 
 
HOW TO CITE THIS ARTICLE 
Ali L Alfalluji, Fadhel Omran Essa. Microcapsules of Protein-Polysaccharide Complexes Produced on a Variety of Matrices. 
J. Med. Chem. Sci., 2023, 6(9) 2228-2233 

DOI: https://doi.org/10.26655/JMCHEMSCI.2023.9.27  
URL: http://www.jmchemsci.com/article_170278.html  

 

https://doi.org/10.1016/j.foodchem.2014.09.167
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterisation+of+bovine+serum+albumin%E2%80%93fucoidan+conjugates+prepared+via+the+Maillard+reaction&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterisation+of+bovine+serum+albumin%E2%80%93fucoidan+conjugates+prepared+via+the+Maillard+reaction&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0308814614015568
https://doi.org/10.1016/j.foodchem.2015.06.046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Functional+improvements+in+bovine+serum+albumin%E2%80%93fucoidan+conjugate+through+the+Maillard+reaction%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Functional+improvements+in+bovine+serum+albumin%E2%80%93fucoidan+conjugate+through+the+Maillard+reaction%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0308814615009383
https://doi.org/10.1021/bm0200130
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Polyelectrolyte+complexes+and+layer-by-layer+capsules+from+chitosan%2Fchitosan+sulfate%2C+Biomacromolecules%2C+3.3+%282002%29%3A+579-590.%E2%80%8F+&btnG=
https://pubs.acs.org/doi/abs/10.1021/bm0200130
https://doi.org/10.1016/j.carbpol.2014.07.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chitosan%2Ffucoidan+multilayer+nanocapsules+as+a+vehicle+for+controlled+release+of+bioactive+compounds%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0144861714006900
https://doi.org/10.1016/j.foodhyd.2014.10.023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Polymeric+complexes+obtained+from+the+interaction+of+bovine+serum+albumin+and+%CE%BA-carrageenan%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0268005X14003956
https://doi.org/10.26655/JMCHEMSCI.2023.9.27
http://www.jmchemsci.com/article_170278.html

