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Abstract: Cationic dextran hydrogels having pendent 51-59 mol% N-alkyl-N,N-dimethylammonium 

chloride groups were synthesized and tested as adsorbents for sodium cholate. The bile acid salt sorption 

by these gels was evaluated by equilibrium analysis in water and 10 mM NaCl solution. The best 

adsorption results were obtained with amphiphilic dextran-based gels having two types of pendant 

ammonium chloride groups with different polarities. Experimental adsorption data for all polymers 

fitted good with Langmuir, Dubinin-Raduskevich and Temkin models over the entire range of ligand 

concentrations. The maximum experimental adsorption capacity of dextran sorbents for sodium cholate 

was in the range 850-1075 mg/g. 
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1. Introduction 
     Hypercholesteremia is one of the more important factors of risk for cardiovascular disease, a health 

problem that has an impact on millions of people throughout the world, mainly in the developed 

countries. Polymeric bile acid sequestrants, BAS, were used for long time as cholesterol lowering agent 

[1-5]. Generally, BAS are cationic polymeric hydrogels that bind mainly by electrostatic interactions the 

conjugated bile acid salts in the small intestine and remove them from enterohepatic circulation by 

excretion. In order to compensate this lowering of bile acids intestinal pool cholesterol is metabolized 

to bile acids inside the liver, leading to the decrease of plasma cholesterol levels [6]. First 

(Cholestyramine®, Colestipol®)[7-9] and second generation (Colextran®, Colesevelam®, Colestilan®) 

[7,10-13] of commercial BAS have reduced efficacy due to low binding capacity to trihydroxy acids, 

complexation with fat-soluble vitamins, a decrease in some drugs absorption and GI distress 

(indigestion, nausea and constipation). Furthermore, the dissociation of the bile acid-BAS complex, 

when it passes through ileum and colon, requires large doses (2-16 g/day for second generation BAS) to 

obtain a meaningful therapeutic response. The results are poor patient compliance, high costs and 

therapeutic failures. Previous studies showed that a better alternative to commercial bile acid 

sequestrants were aminated polysaccharides due to their improved selectivity for bile acids, 

biodegradability and better biocompatibility. As polysaccharides were used: β-cyclodextrin [14], 

methylans [15], chitosan [16-18], dextran [19-23], microcrystalline cellulose [22,24] and pullulan [22]. 

Good results were obtained using dextran-based hydrogels bearing one type of pendant quaternary 

ammonium groups with long-chain alkyl substituents [19, 22-24]. 

     To improve the bile acid adsorption results, we have used in the present work dextran hydrogel 

microspheres having two types of pendant quaternary ammonium groups, with different alkyl chain 

length substituents (C2 and C12/C16, respectively) at the nitrogen atom. The goal of this study was the 

investigation of the influence of dextran hydrogels chemical composition (ratio hydrophilic/hydrophobic 

groups, total cationic group content) and swelling porosity on sodium cholate adsorption. Different 

binding isothermal models have been used for this purpose.  
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2. Materials and methods 
2.1. Materials 

     A dextran sample from Leuconostoc mesenteroides with molecular weight 40 kDa was obtained from 

Sigma. Sodium cholate was supplied by Merck (Darmstadt, Germany). All the other reagents were from 

Aldrich and used as received. 

 

2.2. Methods 

2.2.1. Synthesis of cationic dextran gels 

     The synthesis of cationic hydrogels, having the general chemical structure revealed in Scheme 1 and 

characteristics contained in Table 1, was described in details elsewhere [25-28]. In brief, polysaccharide 

microparticles were prepared by crosslinking with epichlorohydrin, ECH, and were furthermore reacted 

with a mixture of a tertiary amine, N,N-dimethyl-N-alkyl amine (alkyl=ethyl, dodecyl or hexadecyl) and 

ECH in aqueous solution, for 6 h at 70°C. The two distinct pendant ammonium groups, having different 

alkyl substituents at the nitrogen atom, were attached in steps to dextran backbone. In the first step of 

amination, groups with dodecyl or hexadecyl were attached, by using dimethyldodecylamine or 

dimethylhexadecylamine as tertiary amines in the reagent mixture. In the second step of amination, 

hydrophilic cationic groups were attached by the reaction of the product obtained in the first step and 

dimethylethylamine-ECH mixture. The resulted gels were purified by filtration and successive washing 

with water, HCl 0.1 N aqueous solution, water and methanol. Dry hydrogels were obtained as spherical 

microparticles which were finally sieved, and the fraction with 0.15-0.2 mm in diameter was used for 

sorption studies. The degrees of substitution with cationic groups, after first (DS1) and second (DS2) 

amination steps, were determined by elemental analysis of nitrogen and by potentiometric titration with 

AgNO3, and calculated with Eqs. (1) and (2), respectively. 
 

𝐷𝑆1 =
162 × 𝐶𝑙1

100 × 35.5 − 𝐶𝑙1𝑀𝑆1

× 100, mol/100GU                                              (1) 

 

𝐷𝑆2 = [
𝑋 (𝑀𝑆1 − 𝑀𝑆2 +

162 × 100
𝐷𝑆1

)

100 − 𝑋 × 𝑀𝑆2

− 1]   × 𝐷𝑆1, mol/100 GU                 (2) 

where X = Clt/35.5; Cl1 and Clt are the chloride ions contents after first and second quaternization step, 

respectively; MS1 and MS2 are the molecular weights of the first and the second pendant ammonium 

group, respectively. 

 

    

Scheme 1. Chemical 

structure of dextran 

hydrogels 

(R1=dodecyl (C12) or 

hexadecyl (C16); R2=ethyl 

(C2); m=DS1 and p=DS2 
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Table 1. Chemical composition and swelling porosity of the dextran hydrogels  

used for sodium cholate sorbtion 
Hydrogel 

code 

R1 R2 = C2 

DS2, mol% 

Rw, 

g/g 

DSt 

Cn DS1, mol% mol% meq/g 

G1 - - 55.0 3.96 55.0 1.906 

G2 - - 55.4 15.0 55.4 2.184 

G3 C12 4.4 47.3 3.10 51.7 2.040 

G4 C12 25 38.1 4.58 52.0 2.090 

G5 C16 15 45.6 4.07 58.6 2.040 

 

2.2.2. Adsorption experiments 

     Sodium cholate sorption experiments were carried out in deionized water or in 10 mM NaCl solution. 

Dry gel microspheres (10 mg) were weighted in 20 mL vials, suspended in distilled water, gently stirred 

for 1 h and then mixed with bile acid salt stock solution (5mM in deionized water or in 10 mM NaCl 

solution) in the amount required to obtain the wanted initial NaCA concentration (0.1-3 mM) in the 

mixture and a final mixture volume of 10 mL. The contact time to aquire the system equilibration was 

24 h. Then, the suspensions were filtered on sintered glass crucible, and the clear filtrates were analyzed 

by UV (378 nm)(spectrophotometer Specord 200 Plus-Analytic Jena) for their content in cholate 

(equilibrium concentration, Ceq, mM) after treatment with  sulfuric acid 42 vol.%, according to a method 

described earlier [29]. The bile acid salt retained by the sorbent at equilibrium, qe (mmol/g), was 

calculated with Eq. (3) 
 

𝑞𝑒 =
(𝐶𝑖 − 𝐶𝑒𝑞)

100 × 𝑚
, mmol/g                                                            (3) 

 

where Ci is the initial bile acid salt concentration, Ceq is the residual NaCA concentration at equilibrium, 

respectively, in mM, and m is the mass, in g, of dry hydrogel. Each sorption experiment was performed 

in triplicate. 

 

3. Results and discussions 
3.1. Hydrogel synthesis 

     An efficient BAS must have structural characteristics which enable an enhancement of hydrogel-

NaCA interactions. Thus, a high percent in strong basic quaternary ammonium groups facilitates the 

binding of oppositely charged NaCA by electrostatic interactions and the occurrence of hydrophobic 

moieties allows additional interaction forces (hydrophobic associations) between adsorbent and ligand. 

Also, the hydrogels must have a swelling porosity which facilitate the access of sodium cholate 

molecules inside the pores of adsorbent microspheres. A high cationic charge density with a suitable 

hydrophilic/hydrophobic balance was obtained by the existence of two types of pendant quaternary 

ammonium groups with different polarities (Scheme 1). The attachment of the two kind of pendant 

groups in different steps of polymers’ synthesis enabled a rigorous control of each group-content in the 

final polymer. There is no porosity in the dry state of the gels but the penetration of water molecules 

inside the hydrogels determines the gel network extension with the appearance of the pores. The swelling 

porosity of the hydrogels was controlled by dextran crosslinking degree (ECH used in the crosslinking 

step), the total charge density and content in hydrophobic groups. 

 

3.2. Adsorption isotherms 

     Adsorption isotherms provide the relationship between the concentration of the sorbate on the solid 

phase and its concentration in the liquid phase under equilibrium conditions and can offer helpful 

information about maximum adsorption capacity and potential interactions between adsorbate and 

sorbent. A quantitative comparison of adsorbtion performances obtained with different sorbents is 
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possible using adsorption isotherms [30]. 

     The isotherms for binding of NaCA in water and 10 mM NaCl solution by dextran hydrogels are 

showed in Figure 1.  

 

 
Figure 1. Adsorbtion isotherms of sodium cholate on dextran hydrogels 

 in water (a) and 10 mM NaCl solution (b) 
 

The isotherms are plotted as the amount of adsorbed bile acid salt (qe) versus free bile acid concentration 

at equilibrium (Ceq). The binding of the bile acid salt on the hydrophilic dextran gel (G1) was mainly 

electrostatic, and the binding process was cooperative, as the sigmoidal shape of binding isotherm shows 

(Figure 1a). The cooperativity is due to the hydrophobic interaction between one bound and one free 

ligand molecule which promoted an acceleration of the electrostatic binding. 

     The amount of sodium cholate adsorbed at equilibrium was higher for amphiphilic hydrogels (G3-

G5) compared to the hydrophilic gel G1 due to the existence of both ionic and hydrophobic interactions 

between sorbate and adsorbent. The increase of DS1 values for hydrophobically modified cationic gels 

determined the augmentation of NaCA amount retained at equilibrium (Figure 1a). The hydrophobic 

interactions between amphiphilic polyelectrolytes and bile acid salt prevailed over the electrostatic ones 

and aggregation occurred mostly through mixed micelle formation. It is known that bile acid salts can 

form mixed micelles with fatty acids, cholesterol, lecithin through hydrophobic interactions [25] or with 

surfactants like alkyltrimethylammonium halide via ionic interactions [31].  

     The hyperbolic shape of the binding isotherms for G3-G5 pointed out a low binding cooperativity, 

which can be attributed to the fact that the formation of mixed micelles by the interaction between very 

disimetric hydrophobic moieties of the sorbate (steroid) and sorbent pendent group (alkyl) is more 

favorable than the interaction between two bulky sorbate molecules. In the case of the hydrogel having 

pendant cetyl groups (G5), the amount of bile acid salt adsorbed at equilibrium was lower than that of 

the hydrogels with pendant dodecyl groups (G3, G4) due to the steric hindrance between the steroid 

nucleus of sodium cholate and the bulky pendant alkyl groups of the cross-linked polymer (Figure 1a).    

     An accentuation of the sigmoidal shape of the binding isotherm for G1 could be observed in 10 mM 

NaCl solution while the hyperbolicity of the binding isotherms for G3-G5 decreased (Figure 1b). Thus, 

it seemed that the ionic strength had a greater effect on the self-aggregation of bile salts molecules inside 

the hydrophilic gels than on the formation of mixed micelles between the sodium cholate and pendant 

hydrophobic groups of polymer. 

     The experimental data were correlated with theoretical or empirical equations supplied by isotherm 

models. Various two-parameter model sorption isotherms such as Langmuir, Freundlich, Dubinin-

Raduskevich (D-R) and Temkin were were chosen to assess the equilibrium characteristics of the 

adsorption processes. The parameters of the isotherm equations were calculated by linear regression 

analysis. 
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     Langmuir adsorption model [32] fits in for ideal sorption that happens on homogeneous surfaces and 

implies monolayer adsorption while Freundlich isotherm [33] is applicable for non-ideal sorption that 

occur on heterogeneous surfaces and implies multilayer adsorption. Dubinin-Radushkevich isotherm 

[34] is generally applied to reveal the adsorption mechanism [35] with a Gaussian distribution of energy 

onto a heterogeneous surface [36] whilst Temkin isotherm model [37, 38] takes into account the 

existence of sorbate-adsorbate interactions assuming that the heat of adsorption of all molecules in the 

layer decreases linearly as a result of increase surface coverage. The linear forms for these binding 

isotherms models are given by Eqs. (4-7). 
 

𝐶𝑒𝑞

𝑞𝑒

=
𝐶𝑒𝑞

𝑄𝐿

+
1

𝐾𝐿𝑄𝐿

                                                               (4) 

𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 +
1

𝑛
𝑙𝑜𝑔𝐶𝑒𝑞                                                     (5)      

𝑙𝑛𝑞𝑒 = 𝑙𝑛𝑄𝑅𝐷 − 𝛽𝜀2                                                           (6) 

𝑞𝑒 =
𝑅𝑇

∆𝑄
𝑙𝑛𝐾𝑇 +

𝑅𝑇

∆𝑄
𝑙𝑛𝐶𝑒𝑞                                                   (7) 

 

where qe (mmol/g) is the experimental bile acid salt amount adsorbed at equilibrium, Ceq is concentration 

of sorbate in the bulk solution at equilibrium (mmol/g), QL and QDR (mmol/g) are calculated maximum 

adsorbent capacities, KL (L/mmol), KF (mmol/g) and KT (L/mmol) are Langmuir, Freundlich and Temkin 

equilibrium constants, nF is the heterogeneity factor (Freundlich coefficient), ΔQ (kJ/mol) is variation 

of the sorption energy. β (mol2/J2) is a constant related to the mean free energy per molecule of adsorbate 

for removing from its location in the sorption space to the infinity in the solution and ε is Polanyi 

potential, which can be calculated by the relationship: 

 

𝜀 = 𝑅𝑇𝑙𝑛 (1 +
1

𝐶𝑒𝑞

)                                                                  (8) 

where R is the universal gas constant (8.314 J/mol K) and T is the solution temperature (K). 

     A good concordance between theoretical data obtained using Eqs. (4–8) and the experimental ones 

should provide straight lines. The slope and intercept of the graphs afforded the determination of the 

parameter values characteristic to each isotherm model. The values of parameters determined from these 

plots are showed in Tables 2 and 3. Comparison of the linear regression correlation coefficient R2 values 

resulted by using different model isotherms showed that good fits were obtained with Langmuir, D-R 

and Temkin models, for which R2≥ 0.951, both in water and NaCl solution. This finding was supported 

by the good agreement between experimental maximum adsorption capacities and the calculated QL and 

QDR values (Tables 2 and 3). Therefore, the parameters calculated with these models can be used to 

evaluate the adsorption mechanism. For example, the good fitting of the experimental data to Langmuir 

model confirmed the homogeneous monolayer adsorbtion of NaCA by dextran-based hydrogels, what 

was also observed for other bile acid-sorbent systems [39-42]. 

    

Figure 2. Linear forms 

of isotherms for 

adsorption of NaCA in 

water (a) and 10 mM 

NaCl solution (b)on 

dextran hydrogels 

calculated according to 

Langmuir model 
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     Langmuir constant values (KL) are associated to the affinity between bile acid salt and gels. Its values 

increased in the order: G1 < G2 < G3 < G5 < G4. It could be seen that NaCA adsorption on cationic 

dextran gels increased mainly with the increase of swelling porosity, the pendant alkyl chain length and 

total cationic group content. A several times increase of water uptake for cationic gel G2 compared to 

G1 improved the adsorbtion process due to the increased number of ligand molecules that could 

penetrate into the polymeric microspheres through their pores (Table 2). 
 

Table 2. Parameters calculated from linear regression analysis of experimental data  

with model isotherms, for sodium cholate adsorption in water 
Hydrogel 

code 
G1 G2 G3 G4 G5 

Qexp, mmol/g 1.96 2.38 2.21 2.44 2.094 

Qexp, mg/g 843.97 1024.82 951.62 1050.66 901.67 

Qexp, mmol/meqN+ 1.028 1.089 1.08 1.16 1.01 

       Langmuir      

KL, L/mmol 2.411 3.76 7.267 16.018 10.286 

QL,  mmol/g  

(mg/g) 

2.187 

(941.72) 

2.58  

(1110.94) 

2.372 

(1021.38) 

2.5  

(1076.5) 

2.136 

(919.761) 

Q*,  mmol/meqN 1.14 1.18 1.16 1.13 1.03 

RL
a 0.574-0.073 0.583-0.0107 0.544-0.056 0.356-0.035 0.469-0.055 

R2 0.987 0.973 0.985 0.997 0.983 

       Freundlich      

KF, mmol/g 1.55 1.88 2.64 2.92 2.21 

1/nF 0.997 0.602 0.507 0.416 0.388 

R2 0.912 0.906 0.908 0.907 0.96 

  Dubinin-Raduskevich 

QDR, mmol/g 2.188 2.200 2.361 2.570 2.052 

β, mmol2/ J2 4.761 4.104 2.104 1.709 1.194 

E,  kJ/mol 9.14 9.17 4.874 6.90 6.471 

R2 0.963 0.992 0.98 0.97 0.963 

         Temkin 

K0, L/mmol 23.13 24.70 68.86 357.149 227.443 

ΔQ, KJ/mol 19.236 19.130 4.386 5.896 7.244 

R2 0.964 0.982 0.966 0.946 0.965 
                                   a For Ci in the range of 0.1-3 mM 

   

   The maximum value of KL was obtained for G4 due to its highest DS1 value with pendant ammonium 

groups with dodecyl which amplified the hydrophobic and electrostatic interactions between bile acid 

salt and hydrogel. Langmuir constant value decreased for hydrogel G5 perhaps due to the steric 

hindrance existing between bulky steroid nucleus of the ligand and pendant cetyl groups of the sorbent.     

     Using Langmuir model was also determined: Q*, representing mmols of adsorbed NaCA per meq 

cationic group of gel which evaluated the number of sodium cholate molecules bound by one cationic 

site. All Q* values were higher than 1 both in water and 10 mM NaCl solution showing the contribution 

of hydrophobic interactions besides the electrostatic ones. 

Another parameter of Langmuir equation is RL, a dimensionless separation factor described by the 

equation: 

 
                                                                         𝑅𝐿 =

1

1+𝐾𝐿𝐶𝑖
                                                                       (9) 
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RL is dependent on initial concentration of adsorbate, Ci, and its values indicated the efficiency of the 

adsorption process. So, adsorption is unfavourable when RL> 1, linear when RL = 1, favourable when 0 

< RL< 1, and irreversible when RL = 0. 

 

Table 3. Parameters calculated from linear regression analysis of 

experimental data with model isotherms, for NaCA adsorption in 10 mM NaCl solution 
Hydrogel 

code 
G1 G3 G4 G5 

Qexp, mmol/g 2.092 2.333 2.496 2.115 

Qexp, mg/g 900.81 1004.58 1074.77 910.71 

Qexp, mmol/meqN+ 1.098 1.143 1.194 1.019 

                 Langmuir 

KL, L/mmol 3.577 7.121 16.125 12.41 

QL,  mmol/g  

(mg/g) 

2.258 

(936.16) 

2.421 

(1003.74) 

2.552 

(1058.05) 

2.25 

(968.85) 

Q*,  mmol/meqN+ 1.184 1.186 1.220 1.084 

RL
a 0.63-0.14 0.872-0.16 

0.584-

0.072 
0.76-0.15 

R2 0.951 0.98 0.990 0.98 

               Freundlich 

KF, mmol/g 1.76 2.01 2.23 2.07 

1/nF 0.957 0.653 0.427 0.469 

R2 0.94 0.94 0.966 0.98 

        Dubinin-Raduskevich 

QDR, mmol/g 1.905 2.225 2.286 2.393 

β, mmol2/ J2 8.96 8.343 2.64 12.71 

E,  kJ/mol 8.06 3.27 4.40 4.56 

R2 0.983 0.957 0.977 0.96 

                 Temkin 

K0, L/mmol 4.89 15.96 44.06 30.75 

ΔQ, KJ/mol 18.55 4.326 5.019 5.34 

R2 0.99 0.94 0.96 0.98 
                          a For Ci in the range of 0.1-3 mM 

 

RL< 1 for all dextran gels and over the entire range of initial sodium cholate concentrations which 

showed a favorable adsorption process. This parameter decreases asymptotically with Ci and tends to 

zero at high polymer concentrations (Figure 3). 

 

  
 

Figure 3. 

Variation of RL 

with bile acid 

initial 

concentration 

in water (a) and 

NaCl solution (b) 
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    Dubinin–Radushkevich model, which matched well for other bile acid salt-adsorbent systems [43, 

44], allows calculation the mean free energy of adsorption per molecule of adsorbate, E (kJ/mol) (Eq. 

10). This parameter is useful to differentiate between the physical and chemical adsorption. When the 

adsorption energy is less than 8 kJ/mol, the sorption process is dominated by physical forces, if E is 

between 8 and 16 kJ/mol, the adsorption is controlled by ion exchange mechanism and when the value 

of E is greater than 16 kJ/mol, the process is governed by chemisorption.  

 

                                                          𝐸 =
1

√2𝛽
                                                                                (10) 

 

 

Figure 4. Linear forms of isotherms for adsorption of sodium cholate in water (a)  

and 10 mM NaCl solution (b) on polymers calculated according to  

Dubinin–Radushkevich model 

 
 

     According to the data included in Tables 2 and 3, E is lower than 8 kJ/mol for cationic amphiphilic 

gels (G3-G5) and higher than this value for cationic hydrogels (G1, G2). That implies an essential 

involvement of ion exchange (G1, G2) and physical forces (G3-G5), respectively to the mechanism of 

adsorption. 

     The good fit of the Temkin isotherm model demonstrated that adsorption was characterized by a 

uniform distribution of binding energies, up to a maximum binding energy [30]. There are many systems 

bile acid-sorbent where Temkin isotherm fitted good [40,41,43-46]. ΔQ= (−ΔH) was positive for all the 

studied polymers, which indicated that the adsorption process was exothermic. The values of ΔQ were 

higher for cationic gels G1 and G2 compared to cationic amphiphilic polymers G3-G5 due to the 

involvement of ion-exchange to the adsorption mechanism in the first case and physical forces in the 

second case. ΔQ values increased with the augmentation of DS values (Tables 2 and 3). 

     Freundlich model fitted less well to adsorption data both in water and 10 mM NaCl solution, as 0.91 

< R2<0.96, and Freundlich constant values, KF, which measure the maximum sorption capacity of the 

adsorbent, deviate from Qexp values (Tables 2 and 3). For another systems bile acid-sorbent, Freundlich 

isotherm fitted very well [41,42,47,48]. The values calculated for Freundlich coefficient, nF, a measure 

of both adsorption intensity and heterogeneity of the adsorbate sites, were in the range 0<1/nF< 1, which 

showed the favorable sorption process for all hydrogels used [31,41,42,47,48]. Freundlich coefficient 

values were close to 1 for cationic hydrogel G1 which indicated a cooperative adsorption.  
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Figure 5. Linear forms of isotherms for adsorption of NaCA in water (a) and 10 mM NaCl  

solution (b) on dextran gels calculated according to Temkin model 

 

     The addition of NaCl in the adsorption medium has no influence of the general adsorption mechanism 

and the variation of the calculated parameters with sorbent properties is similar to that found in water. It 

is worth mentioning that the maximum sorption capacity does not decrease in the presence of competing 

ions (Cl-), showing a good selectivity for bile acids of the studies adsorbents. 

     The maximum experimental adsorption capacity of dextran-based hydrogels for NaCA (850–1075 

mg/g) was higher than that found for the same ligand when adsorbed on aminated polysaccharides or 

resins [40,41,45,49,50] but lower when compared with hydrogels based on aminated synthetic 

(co)polymers [51,52] (Table 5). However, the later have a much higher content in quaternary ammonium 

groups. 

 

Table 5. Comparison of maximum experimental adsorption capacity of NaCA by different sorbents  
 

Adsorbent Qexp, mg/g References 

Cationic microfibrillated cellulose 249.2 [41] 

Cationic amphiphilic microfibrillated cellulose 79.3 [45] 

Amino-functionalized celluloseby hyperbranched polyethylenimine 569.7 [40] 

Polyacrylamide resin with pendant quaternary ammonium groups 903 [49] 

N-Octadecylpectinamide 817 [50] 

Poly((3-acrylamidopropyl)trimethylammonium 

chloride)-co-poly(2-hydroxyethyl acrylate))-based hydrogel 
1553 [51] 

Poly((3-acrylamidopropyl)trimethylammonium chloride) -based hydrogel 1778 [52] 

Dextran-based hydrogels 850–1075 This work 

 

4. Conclusions 
Study of the sodium cholate sorption on cationic dextran hydrogel microspheres carrying pendant N-

alkyl-N,N-dimethylammonium chloride groups was quantitatively evaluated by equilibrium studies in 

water and 10 mM NaCl solution. The obtained results showed a clear enhancement of binding process 
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for cationic amphiphilic gels due to the contribution of hydrophobic interactions besides the electrostatic 

ones. Langmuir, Dubinin-Raduskevich and Temkin were the binding isotherm models who gave a good 

fit of the experimental adsorption data. The maximum experimental adsorption capacity of dextran-

based gels for sodium cholate was higher compared to other aminated polysaccharide-based sorbents. 

All these results recommend the cationic amphiphilic dextran hydrogels as new and more efficient bile 

acid sorbents. 
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