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Abstract: In order to reduce the side effects of thyroid hormone substitute levothyroxine sodium 

pentahydrate, its sorption with a quaternized salt of a new alkyl derivative of chitosan was studied. The drug 

amount in the salt (gel) is in micrograms, and the gel-levothyroxine is in the form of a complex that can show 

biological activity. With that end in view, a sorption process of levothyroxine sodium from an aqueous 

solution to the inside and surface of the hydrogel was carried out under static conditions. The capacity of the 

hydrogel depending upon the pH medium, the ionic strength, the hydrogel dose, the concentration of the 

drug and the temperature was studied.  It was shown that the effective sorption of levothyroxine by chitosan-

based hydrogel was optimal at pH of 6-8.5, at 50 mg/L concentration of levothyroxine in the presence of 10-

50 mg of hydrogel dose but the sorption degree begins to decrease after T=40 °C. The isotherm results of 

sorption processes have been found to be subordinate mainly to Langmuir and to some extent Freundlich 

equations. It revealed that gel degradation in the oxidizing medium is about 70% within 2 weeks, and in the 

elastase and PBS medium is about 17-20%.  
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Introduction 
 

Polymer-based hydrogels are 

indispensable materials in modern medicine and 

biotechnology, as well as in various industries 

[1,2]. Hydrogels are macromolecular networks 

that have the property of swelling in water 

obtained from modifications of natural and 

synthetic polymers. They are widely used as a 

matrix for effective sorption of organic 

compounds as well as for the delivery of drugs  

[3,4].  

 Among natural polymers, the 

application of chitosan and its derivatives as 

both drug immobilization and super absorbent is 

of great interest. Chitosan is a water-insoluble 

polyaminosaccharide with a cellulose structure 

but characterized by the presence of amine and 

acetoamide groups in content (Fig. 1) [5]. 

 

 

 

 

 

 

 

Fig. 1. Chitosan sturcture 
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The high density of hydrogen bonds 

between amine and hydroxyl groups in the 

chitosan chain limits its solubility in water. In 

this regard, by modifying the macromolecule, 

its various substitutes were obtained, and 

polymer-drug delivery systems were 

synthesized by immobilizing small-molecule 

organic compounds by sorption. 

It is known that levothyroxine-Na 

pentahydrate, a substitute for L-thyroxine, a 

thyroid hormone should be taken by the body 

long time after thyroid surgery. This drug is 

used not free but in combination with various 

polymers and inorganic substances. For 

example, the drug currently used as L-thyroxine 

name contains a mixture of microcrystalline 

cellulose, povidone, Mg-stearate and lactose 

excipients along with the active ingredient [6]. 

These substances are involved in the delivery of 

the active drug to the required absorption site 

and circulazation in the bloodstream. 

Given the sufficient side effects, the 

development of new dosage forms with 

effective sorption of levothyroxine-Na into 

chitosan-based polymer hydrogels is a topical 

issue. The analysis of the reference is indicative 

that there is a need to form new chitosan-

levothyroxine complexes, which can regulate 

the amount of active ingredient by loading 

levothyroxine into chitosan-based matrixes. 

Thus, the amount of drug release from the 

chitosan-based gel structure can be directly 

regulated by the chemical composition of the 

matrix and the rate of sorption [7]. Besides, the 

bioavailability and gastroprotective properties 

of chitosan make it possible to be used as a 

matrix for the delivery of drugs. 

The aim of the study was to investigate 

the sorption of levothyroxine-Na from aqueous 

solutions with hydrogel synthesized by low-

temperature treatment of ion exchange salt  with 

NaCl of quaternized product of N,N-diethyl 

alkyl derivative chitosan (DEMX) with methyl 

iodide. Thus, for the preparation of complexes 

with different content of levothyroxine with 

hydrogel, the sorption process was conducted 

dependent on the pH of the medium, the ionic 

strength of the solution and the concentration of 

the drug, the amount of gel and temperature. In 

addition, the degree of swelling and the kinetics 

of degradation of the synthesized hydrogel in 

different media were studied. Each of the 

levothyroxine-DEMX forms obtained is suitable 

for medical use by preserve the active drug in 

the required dose. Each sample differs in the 

amount of levothyroxine in  micrograms, which 

determines its required dose. 

 

Experimental part 

Reagents 

Chitosan average molecular weight 35 

kDa (deacetylation degree 85-87%), 

acetaldehyde (≥99.0%), NaBH4 (chemically 

pure ≥96%), acetic acid (Glacial), ethanol 

(95%), acetone (≥99.9%), diethyl ether (1 ppm 

inhibitor, anhydrous, ≥99.7%), NaCl (BioXtra, 

≥99.5%), acetonitrile (99.8% anhydrous), and 

NaOH from Sigma-Aldrich. To recall, methyl 

iodide stabilized with metallic copper (99% 

c.p.) is from Acros Organics. 

Thyroxine-Na pentahydrate (CAS 6106-07-

6) was also obtained from Sigma Aldrich. The 

molar mass is 816.67 g·mol
-1

 and adsorption 

maximum is observed at a wavelength of 227 

nm. The pK values of ionizing chemical 

functional groups are as follows (Fig. 2): 

 

 

 

 

 

 

 
 

Fig. 2. Chemical structure of levothyroxine 

 

pK1=0.27 

pK2=7.43 

pK3=9.43 
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pKa1=0.27; pKa2=7.43 and pKa3=9.43 where K1, K2 and K3 belong to –COOH, phenol and -OH 

groups, respectively. 

Preparation of hydrogel sorbent 

The synthesis of DEMX was carried out 

in line with the appropriate method [8] and 

improved by us. Thus, 5 g of DEMX is 

dispersed in 20 ml of 1% acetic acid solution 

and mixed continuously until it is completely 

dissolved. The solution is poured into a Petri 

dish and stored at -20 °C for 15 hours, then 

added to a 3 M solution of alkali in cold ethanol 

and stored again at -20 °C for one day. Finally, 

the hydrogel is washed with 50% ethanol 

solution, then with distilled water until a neutral 

medium is obtained, dried at 35-40 °C for 2 

days to a stable weight, crushed and passed 

through a 0.02 mm sieve. 

Absorption study 

The effect of pH medium,initial 

concentration of the drug, dose of hydrogel and 

temperature on the sorption of levothyroxine 

with a DEMX-based hydrogel structurally 

absorbent was carried out systematically. Thus, 

sorption processes were performed in the 

amount of 5-200 mg of DEMX, in the range of 

pH 1-10 medium, and in the concentration range 

of 10-50 mg/L of drug for 24 hours  at 20; 30; 

40 and 50 °C temperatures. The sorption 

volume was 20 ml in all cases and sorption 

degree (R%) and equilibrium sorption capacity 

of gel (Qeq, mg·gr
-1

) were calculated according 

to equations 1-2. 

 

    (1)             (2) 

Where, C0 and Ceq were initial and 

equilibrium concentrations of levothyroxine, 

mg·L
-1

,  

V- sorption volume, mL, m was DEMX dose, g. 

Based on the sorption values, the 

dependence of the sorption capacity and the 

Ceq/Qeq ratio on the equilibrium concentration of 

levothyroxine and the function logQt=f(lgCt) 

were established. Based on the equilibrium 

state, linear dependence plots were formed 

according to the Langmuir and Freundlich  

isotherm models of sorption. 

The degree of swelling of the gel was 

calculated by equation equation (3) according to 

the increase in the mass of the dry sample at 

certain time intervals. The degradation tests of 

DEMX-based hydrogel were performed using 

equation (4) according to the weight loss by 

incubation for 1-30 days in a phosphate buffer 

saline solution (PBS), 3 mol/L H2O2, and 1 

mg/ml elastase solution. 

 

 

 

      (3)                                (4)            

 

Results and discussion 

 

The structure and content of the DEMX 

derivative of chitosan synthesized by us in order 

to increase the hydrophilicity have been studied  

in detail [8].   

The gel structure and schematic 

description of the process obtained gel at freeze 

temperature are shown in Fig.3.      It found that 

the processing of quaternized alkyl derivatives 

of chitosan at freeze temperature forms  

crystalline and hydrogen bonds between 

functional groups in macromolecules which is 

characterized by its cross-linking structure. As a 

result, the polymer forms a gel in aqueous and 

pH solutions. The formation of a gel structure 

and the ability ionization of functional groups 

by absorbing water molecules to volume allow 

the immobilization of drugs with DEMX by 

sorption [7]. 
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CH3CHO, H+,  

NaBH4, CH3J                                                                                     

 

 

 

 

 

 

Fig. 3. Synthesis reactions of DEMX from chitosan and hydrogel, a - hydrogen bond, 

(b) - crystalline bond 

 

 

As is known, chitosan is a 

macromolecule with pKa=6.3-6.5 with 80-85% -

NH2 groups [9,10]. Substitution of amine 

groups with ethyl groups to certain extent after 

quaternation reduces its pKa value to 3.8-4.3 

which affects its solubility. Besides, the DEMX 

hydrogel has more positively charged chains. 

This allows it to easily sorb small-molecule  

drugs with relatively high pKa. 

Initially, levothyroxine with an initial 

concentration of 50 mg/L  was sorbed with 2.50 

g·L
-1

 DEMX at 20 °C for 24 hours at pH=1-10, 

equilibrium concentrations were determined, gel 

drug capacity and sorption degree were 

calculated (Fig. 4). 

 

            

Fig. 4. Dependence of levothyroxine sorption with DEMX-based hydrogel from the pH medium and 

gel dose, T=20 °C, t=24 hr, V=20 mL, C0=50 mg/L. 

 

As can be seen from Figure 4, the 

DEMX gel has a levothyroxine sorption rate of 

10-18% and a drug capacity of 2-2.4 mg/g at 

low pH. This is due to the positive charge of 

both phases in the same medium due to the 

protonation of the functional groups of the gel 

and levothyroxine. In this case, sorption occurs 

with a small part of charge interaction between 

the -COO- groups in levothyroxine and the 

protonated amine groups. Effective and higher 

sorption with DEMX was found to occur in the 

pH range of 6-9. This is explained as being due 

to the fact that levothyroxine is easily attracted 

to DEMX by hydrogen bonding, electrostatic 

and orientation forces due to its neutral and 

more negatively charged in this medium [11]. In 

next studies,  pH=8 of the medium were taken 

as the optimal sorption conditions. 

T=-20 °C,  

24 hr 
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Fig.4 also shows the results of the 

dependence of levothyroxine sorption on the 

dose of DEMX at pH=8. As can be seen,  the 

sorption degree of the gel decreases as the dose 

of gel increases, and after 50 mg of the dose it 

reaches equilibrium with a sorption rate of 80-

83%.  This is due to the increase in the 

concentration of active centers in a unit volume 

with an increase in the dose of gel.  The 

decrease in drug capacity is due to the increase 

in the value of the dose of gel in the 

denominator in (2) equation.  The optimal dose 

of 50 mg of gel for next sorption processes was  

selected.  

The initial concentration of sorbate in 

sorption processes is the main factor affecting 

its distribution in the solid and liquid phases. 

Conducting such studies at different 

temperatures helps to obtain detailed 

information about the mechanism of sorption. 

For this purpose,, the presence of 50 mg DEMX 

dose, at pH=8, in drug solutions with an initial 

concentration of 10-50 mg/L range  the sorption 

process was carried out at steady state at 20; 30; 

40 and 50 °C for 24 hours. 

 

  

Fig. 5. Dependence of DEMX drug capacity from equilibrium and initial concentration of levothyroxine 

at different temperatures 

         

 

As can be seen from Fig. 5, after the 10-12 

mg/L equilibrium concentration of 

levothyroxine, the gel drug capacity begins to 

remain stable, and at a temperature of 30-40 °C 

the sorption was more effective and 

characterized by a high drug capacity. An 

increase in the concentration of levothyroxine in 

the solution results in rapid saturation of the 

sorbent due to the constant gel mass. The stable 

proportion of active centers in the hydrogel 

content does not allow the more absorption of 

drugs. [12]. After 40 °C, the gel capacity 

decreases which is due to the dual nature of the 

sorption process. The observed sorption by a 

different mechanism depending on the  

temperature was explained in the next study.  

  It is known that according to the 

experimental results of sorption isotherms [13], 

the most optimal models for the isotherm in 

Fig.5 are Langmuir and Freundlich models. The 

Langmuir model is suitable for ideal 

homogeneity of the sorption surface, while the 

Freundlich model is suitable for extremely 

heterogeneous surfaces. The functions 

Ce/Qe=f(Ce) (Langmuir model) and log 

logQe=f(logCe) (Freundlich model) of the 

sorption isotherm results were established and 

the dependence was determined to be linear 

(Fig. 6).  

 It is possible to determine the 

empirical constants of levothyroxine sorption by 

DEMX by applying regression coefficients and 

the formulas of the two-parameter Langmuir 

and Freundlich models from Fig. 6. As can be 

seen, the sorption of levothyroxine at 1.5-13 

mg/L equilibrium concentration by DMEX-

based gel is compatible with both Freundlich 

and Langmuir models of isotherm.
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Fig. 6. Linear form of levothyroxine sorption isotherm according to Langmuir 

and Freundlich models 

 

 Thus, the sorption of levothyroxine up 

to the 12-15 mg/L equilibrium concentration 

takes place in energetic equivalent centers, and 

the sorbate is localized in separate sorption 

centers. In this case, a monomolecular layer is 

formed because each center interacts with only 

one sorbate, and levothyroxine molecules do not 

interact with each other because the sorption 

takes place in separate sorption centers. At 

subsequent values of equilibrium concentration, 

the sorption takes place mainly in non-

equivalent centers, ie on heterogeneous 

surfaces, and the monomolecularity of the drug 

is maintained. The study made it possible to 

show that the sorption isotherms fitted to the 

Langmuir model at all temperature values 

(Fig.7).  

 

Fig. 7. Fitt of levothyroxine sorption isotherm to Langmuir model at different temperatures. Temperature 

dependence of drug capacity 

        

It revealed that an increase in 

temperature of 30-37 °C leads to an increase in 

the capacity of the levothyroxine which proves 

that the process is endothermic in nature. Also, 

an increase in the mobility of the 

macromolecule up to 37 °C leads to the opening 

of active sites, and this process is accelerated by 

increasing the mobility of the levothyroxine 

molecule [14]. This proves that levothyroxine is 

immobilized to DEMX-based gel by chemical 

sorption between 30 and 40 °C. In the next 

increase of temperature, the decrease of gel 

capacity is due to the desorption process.  This 

suggests that levothyroxine was immobilized to 

the active centers of the gel not by covalent 

bonding but by coordination or weak forces. 

The swelling and degradation 

characteristics of the matrix are important 
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factors in determining the delivery ability of 

levothyroxine after immobilization by sorption 

to DEMX-based hydrogel. For this purpose, 

both swelling degree and degradation of 50 mg 

gel samples  were studied in different medium 

(Fig. 8). 

 

   

Fig. 8. The swelling kinetics and degradation tests of DEMX-based gel in different mediums, T=24 

°C, V=20 mL. 

 

As can be seen, the good ionization of 

the functional groups of the gel at pH=8 makes 

its swelling degree higher than in other 

mediums. The swelling in a 50% alcohol 

solution is mainly caused by the absorption of 

water molecules and the formation of hydrogen 

bonds [15,16]. It was also found that in a 

relatively aggressive H2O2 environment, 

oxidation of the functional groups of the gel and 

the start of destruction lead to more mass loss. 

In the elastase and PBS mediums, the 

degradation was 28% and 17%, respectively, 

within 10 days. 

The results obtained suggest that DEMX-

based hydrogel can be used in biotechnology 

and medicine by sorption of levothyroxine 

under existing conditions and preparation of 

complexes containing 5-50 mcg of the active 

drug [17-20]. 
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LEVOTİROKSİNİN XİTOZANIN ALKİL ƏVƏZLİ ŞİFF ƏSASLI HİDROGELİ İLƏ SORBSİYASI 

PROSESİNİN TƏDQİQİ 
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Xülasə: Qalxanabənzər vəzinin hormon əvəzedicisi olan Na-levotiroksin pentahidratın yan təsirlərini 

azaltmaq məqsədi ilə onun xitozanın yeni alkil törəməsinin kvaternizə olnmuş duzu ilə sorbsiyası 

öyrənilmişdir. Duzun (gelin) tərkibində preparatın miqdarı mkq tərtibdədir və gel-levotiroksin bioloji 

aktivlik göstərə bilən kompleks formasındadır. Bu məqsədlə levotiroksin-Na-un sulu məhluldan hidrogel 

daxilinə və səthinə statik şəraitdə sorbsiya prosesi həyata keçirilmişdir. Hidrogelin tutumunun mühitin pH-ı 

və ion qüvvəsi, hidrogelin miqdarı, preparatın qatılığı və temperaturdan asılılıqları müəyyən edilmişdir. 

Göstərilmişdir ki, xitozan əsaslı hidrogel ilə levotiroksinin effektiv sorbsiyası mühitin pH-nın 6-8.5 

qiymətində, levotiroksinin 50 mq/L qatılığında 10-50 mq hidrogel iştirakında optimal olub, T=40 °C-dən 

sonra sorbsiya dərəcəsi azalmağa başlayır. Sorbsiya proseslərinin izoterm nəticələri əsasən Lənqmür və 

müəyyən qədər Freyndlix tənliklərinə tabe olması müəyyən edilmişdir. Göstərilmişdir ki, oksidləşdirici 

mühitində gelin deqradasiyası 2 həftə ərzində 70%, elastaza və PBS mühitində isə 17-20%-ə yaxın olur. 

Açar sözlər: xitozan, kvaternizə, gel, qalxanabənzər vəzin hormonu, Na-levotiroksin pentahidrat, sorbsiya 

tutumu, izoterm.  

 

 

 

 

ИССЛЕДОВАНИЕ ПРОЦЕССОВ СОРБЦИИ ЛЕВОТИРОКСИНА ГИДРОГЕЛЕМ ХИТОЗАНА 

НА ОСНОВЕ АЛКИЛЗАМЕЩЕННОГО ОСНОВАНИЯ ШИФФА  
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Аннотация: С целью снижения побочных эффектов заменителя тиреоидного гормона 

левотироксина натрия пентагидрата исследовали его сорбцию кватернизованной солью нового 

алкилпроизводного хитозана. Количество препарата в соли (геле) указано в мкг, а гель-левотироксин 
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представлен в виде комплекса, способного проявлять биологическую активность. С этой целью был 

проведен процесс сорбции левотироксина натрия из водного раствора в объеме и на поверхности 

гидрогеля в статических условиях. Определена зависимость емкости гидрогеля от рН и ионной силы 

среды, количества гидрогеля, концентрации препарата и температуры. Показано, что 

эффективная сорбция левотироксина гидрогелем на основе хитозана оптимальна при рН 6-8,5, 

концентрации 50 мг/л в присутствии 10-50 мг левотироксина, а после температуры 40°С начинает 

снижаться степень сорбции. Установлено, что изотермические результаты сорбционных 

процессов подчиняются, в основном уравнениям Ленгмюра и в некоторой степени Фрейндлиха. 

Показано, что деградация геля в окислительной среде составляет около 70% за 2 недели, а в среде 

эластазы и PBS – около 17-20%.  

Ключевые слова: хитозан; кватернизация; гель; тиреоидный гормон; левотироксина натрия 

пентагидрат; сорбционная емкость; изотерма.  
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