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Abstract. In this work, IPN hydrogels based on a copolymer of acrylic acid and acrylamide 

filled with various amounts of sodium hyaluronate and bentonite were synthesized. For these 

hydrogels, the sorption capacity in relation to human serum albumin was studied, because 

protein sorption is one of the most important stages of cell adhesion. Shown, that due to an 

increase in the concentration of additional charged carboxylate groups, an increase in sorption 

capacity to 0.35 g of albumin per 1 g of hydrogel is observed with an increase in the percentage 

of sodium hyaluronate. With an increase in the proportion of benonite in the hydrogel 

composite, the sorption capacity for IPN gels filled with 0.05mas.% sodium hyaluronate also 

increases from 0.27 g to 0.38 g per 1 g of hydrogel. 

1. Introduction 

Hydrogels, due to their high hydrophilic properties, are biocompatible materials that are close in 

properties to the tissues of living organisms [1-5] Natural hydrogels have low mechanical properties 

and high biodegradation rates [6]. The formation of natural hydrogels occurs due to the physical 

crosslinking of molecules when exposed to temperature or radiation. Chemically crosslinked 

hydrogels have enhanced mechanical characteristics and hydrophilic properties that can be controlled 

during synthesis [7-12].  

With the development of biotechnology and bioengineering, it became necessary to obtain various 

substrates for growing tissues and cells [13]. Many types of hydrogels used for these purposes have a 

neutral surface and are therefore quite inert to cell attachment. However, by producing polymers from 

monomers having charged functional groups, it is possible to impart a surface charge to the resulting 

polymers. For medical and bioengineering applications, various IPNs are often used [14]. IPN is a 

mixture of two or more polymers crosslinked by physical or chemical bonds. In addition, IPNs 

obtained on the basis of hydrogels with charged monomers are preferred in a number of medical and 

biological applications because of their specific unique biophysical properties, such as ease of 

manufacture of various geometric shapes, soft texture, minimal irritation of surrounding tissues, 

unusual resistance to biological environments [15]. IPN structures are widely used to control the 

overall hydrophilicity of hydrogel and drug release kinetics [16]. 

The presence of charged groups in the hydrogel structure will promote cell adhesion, one of the 

important stages of which is protein sorption by the material [17-19]. 

Thus, the study examined the sorption of human serum albumin (HSA) on the surface of IPN 

hydrogels based on acrylic acid (AA) and acrylamide (AAm) with sodium hyaluronate (SH) filler. 

2. Materials and methods  



 

 

 

 

 

 

2.1. Synthesis of hydrogels 

The study prepared interpenetrating nets based on a copolymer of AA and AAm, 1-10% filled with 

bentonite and 0.01-1% SH. Composites were obtained by radical polymerization. To obtain semi-IPN 

polymers, acrylic acid was used, which was previously neutralized by 80%, then 3.5 ml of distilled 

water was added and mixed with AA and AAm in a ratio of 77:23. Methylene bisacrylamide (MBA) 

was used as a crosslinking agent, which was introduced in an amount of 0.08% by weight of 

monomers. Fillers of the composite SH and bentonite were introduced in various mass percent. As the 

redox system, 4 ml (2%) / 4 ml (2%) (NH4) 2S2O8 / TMED were taken. 

2.2. Determination of protein sorption 

To determine the protein sorption by the obtained hydrogels, a solution of HSA with a concentration 

of 10 g / L was used. 

A portion of the hydrogel was placed in 20 ml of the solution and kept for 24 hours. The amount of 

albumin was recorded by UV-spectroscopy by help UV / VIS double beam spectrophotometr UNICO 

(USA). The protein sorption capacity of the hydrogel was determined by the formula: 

 

𝑞 =
 1−

𝐶0
𝐷0

𝐷𝑡 ∙𝑉

100∙𝑚0
, (1) 

 

where, C0 is the initial concentration of the HSA solution, g / l, 

  D0, Dt is the optical density of the initial solution and at time t, respectively, at a wavelength of 279 

nm, 

V is the volume of the solution, 

m0 is the mass of dry hydrogel. 

 

2.3. FTIR – spectroscopy 

The samples were identified using Fourier transform infrared spectroscopy with a Tensor 37 

spectrometer (Bruker, Germany), employing an Attenuated Total Reflection (ATR) accessory, 

equipped with a diamond crystal cell, angle 45°. The spectra were acquired in the range 4000-600 cm
-

1
 at a resolution of 2 cm

-1 
and the signal was averaged over 32 scans. Spectra were obtained by direct 

measurement. 

3. Results and discussions 

The object of the study in this work was the study of the adsorption of IPN protein by hydrogels based 

on acrylic acid and acrylamide with sodium hyaluronate filler. As a model protein, human serum 

albumin was used, which is a convenient and widely distributed model for studying the properties of 

globular proteins. 

Figure 1 shows the time dependences of HSA sorption on the obtained various hydrogel 

composites. 
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Figure 1. Sorption dependence of HSA (Halbumin / Hydrogel) for different 

hydrogels: 1 – AA-co-AAm IPN-hydrogel filled with 0,05mas.% sodium 

hyaluronat; 2 – AA-co-AAm hydrogel; 3 – AA-co-AAm hydrogel filled with 

5mas.% bentonite and 0mas.% sodium hyaluronate; 4 – AA-co-AAm IPN-

hydrogel filled with 5mas.% bentonite 0,05mas% sodium hyaluronate 

Figure 1 shows that most of the albumin is adsorbed in the first 5-6 hours. It is known that sorption 

of albumin occurs due to the formation of ionic bonds between charged groups of the hydrogel matrix 

and terminal amino and carboxy grapples of amino acids that bind the domains of albumin. The 

slowest sorption is AA-co-AAm hydrogel filled with 5mas.% bentonite and 0mas.% sodium 

hyaluronate, because fewer charged hydrogel groups are involved in protein sorption, because part of 

the groups binds to the surface of bentonite particles. The slightly lower sorption rate of AA-co-AAm 

IPN-hydrogel filled with 0.05mas.% sodium hyaluronate compared to AA-co-AAm hydrogel can be 

explained by a decrease in the free space in the hydrogel cells, however, the sorption capacity of the 

hydrogel increases due to the introduction of additional charged carboxylate groups of sodium 

hyaluronate in the composition of the polymer matrix. Due to the presence of charged groups AA-co-

AAm, IPN-hydrogel filled with 0.05mas.% Sodium hyaluronate shows the highest sorption capacity 

for albumin within 24 hours. Protein sorption reaches 0.35 g of albumin per 1 g of hydrogel. 
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Figure2. Dependence of the absorption of HSA (g of albumin / g of hydrogel) on 

the concentration of sodium hyaluronate for different concentrations of 

bentonite 

When varying the percentage of bentonite and sodium hyaluronate in IPN, the following 

dependences of albumin sorption are observed (Figure 2). As can be seen from the Figure 2, with an 

increase in the concentration of bentonite, the sorption capacity of IPN gels increases, which may be 

due to an increase in the free surface of bentonite particles, which can participate in protein sorption. 

With an increase in the concentration of sodium hyaluronate, the sorption capacity of the hydrogel 

composite also increases, because the number of charged groups of sodium hyaluronate in the 

composition of the polymer matrix increases. 

For hydrogel composites with absorbed albumin, IR spectra of the surfaces of dried hydrogel 

samples were obtained. As shown in Figure 3, the IR spectrum of the hydrogel surface before protein 

sorption is significantly different from the spectrum after protein absorption. A significant increase in 

the optical density at the wave numbers corresponding to the peak of Amid 1 and Amid 2 and the 

appearance of an explicit peak of Amid A indicates the presence of a significant amount of absorbed 

protein on the surface of the hydrogel. Comparison of the spectra of dry HSA and dry AA-co-AAm 

hydrogel after sorption of albumin, shows almost complete coincidence of these spectra (Figure 4). 
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Figure 3. FTIR spectraAA-co-AAm hydrogel befor sorption and after sorption 
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Figure 4. FTIR spectraAA-co-AAm hydrogel and HSA 

 

4. Conclusions 

In this work, we studied the effect of the composition of IPN hydrogel based on a copolymer of acrylic 

acid and acrylamide filled with sodium hyaluronate and bentonite on its sorption capacity relative to 

HSA. Shown, that with an increase in the percentage of hyaluronic acid, due to an increase in the 

concentration of additional charged carboxylate groups, an increase in sorption capacity to 0.35 g of 

albumin per 1 g of hydrogel is observed. With an increase in the proportion of bentonite in the 

hydrogel composite, the sorption capacity for IPN gels filled with 0.05 mas.% sodium hyaluronate 

also increases from 0.27 g to 0.38 g per 1 g of hydrogel. 

5. References 

[1] El-Sherbiny I M, Ibrahim M, Magdi H and Yacoub 2013. Hydrogel Scaffolds for Tissue 

Engineering: Progress and Challenges. Global Cardiology Science & Practice 3: 316–342. 

https://doi.org/10.5339/gcsp.2013.38]. 

[2] Saunders J M, Tong T, LeMaitre C L, Freemont T J and Saunders B R 2007 Soft Matter 3 №4 

486–494 

[3] Lally S, Mackenzie P, LeMaitre C L, Freemont T J and Saunders B R 2007 J. Colloid. 

Interface. Sci. 36 №2 367–375 

[4] Yang T H Rec. Pat. Mater. Sci. 2008 1 № 1 29. 

[5] Sannino A, Demitri C and Madaghiele M Materials 2009 2 № 2 353. 

[6] Buyanov A, Gofman I, Revelskaya L, Khripunov A and Tkachenko A 2010 J. Mech. 

Behav.Biomed. Mater. 3 № 1 102.  

[7] Uspenskaya M V, Sirotinkin N V, Gorskii V A and Goloshchapov Y G 2006 Russian Journal of 

Applied Chemistry 79  Issue5 pp858–860 10.1134/S10742206050338 

[8] Ifkovits J L, Jason A and Burdick 2007 Biomaterials for Tissue Engineering Applications. 

Tissue Engineering 13 (10): 2369–2385. https://doi.org/10.1089/ten.2007.0093 

[9] Samuilova E O, Sitnikova V E, Olekhnovich R О and Uspenskaya M V 2018 Russian 

Journal of Physical Chemistry A 92 8, pp. 1602–1608 

[10] Nakayama A, Kakugo A, Gong J P, Osada Y, Takai M, Erata T and Kawano S 2004 Adv. 

Funct. Mater. 14 № 11 1124. 

https://doi.org/10.5339/gcsp.2013.38
https://doi.org/10.1089/ten.2007.0093
https://isu.ifmo.ru/pls/apex/f?p=2143:PERSON:::NO:RP:PID:205272
https://isu.ifmo.ru/pls/apex/f?p=2143:PERSON:::NO:RP:PID:217588
https://isu.ifmo.ru/pls/apex/f?p=2143:PERSON:::NO:RP:PID:140571
https://isu.ifmo.ru/pls/apex/f?p=2143:PERSON:::NO:RP:PID:104332


 

 

 

 

 

 

[11] Yasuda K, Gong J P, Katsuyama Y, Nakayama A,Tanabe Y, Kondo E, Ueno M and Osada Y 

2005 Biomaterials 26 № 21 4468. 

[12] Nakajima T, Kurokawa T, Furukawa H, Yu Q M,Tanaka Y, Osada Y and Gong J P 2009 

Chinese J. Polym.Sci. 27 № 1 1 

[13] Peppas N A Superabsorbent polymer. Ed. Bucholz F.L., Science and 

technology. American Chemical Society, 1994. P. 148 

[14] Peppas N A 1987 CRC Press: Boca Raton, (USA, FL) I–III 

[15] El-Sherbiny I M, Lins R J, Abdel-Bary E M and Harding D R K 2005 European Polymer 

Journal. 41 2584 

[16] Bae Y H and Kim S W 1993 Advanced Drug Delivery Reviews 11 109–114 

[17] Yong M C, Noromi S, Satokawa H, Kakiso A and Tetsuharu Naria, Grong J P, Yoshihito O, 

Yamamoto K, Ando J Biomaterials 26 4588–459 

[18] Garrett Q and Milthorpe B Invest Ophthalmol Vis Sci. 1996 37(13) 2594-602. 

[19] Karadağ E, Saraydın D, Öztop H N and Olgun Güven 2003 Polymers for Advanced 

Technologies 5(10) 664 – 668 DOI:10.1002/pat.1994.220051006 

 


