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Abstract 

Polyvinyl alcohol-sodium alginate magnetic hydrogel was prepared using K2S2O8 in aqueous 

media in the presence of N,N′-methylenebisacrylamide and Fe3O4 nanoparticles. The magnetic 

polyvinyl alcohol-sodium alginate (nano-Fe3O4/PVA-SA) hydrogel was characterized by FT-

IR, SEM, and EDX methods. Also, magnetic characterization of the synthesized nano-

Fe3O4/PVA-SA hydrogel was identified by vibrating sample magnetometer (VSM) method. 

Then, loading and release of famotidine drug was studied by nano-Fe3O4/PVA-SA hydrogel. 

The FT-IR results confirmed the formation of nano-Fe3O4/PVA-SA hydrogel. The effects of 

temperature and pH on the loading and release of famotidine drug in gelatin-polyvinylalcohol 

magnetic hydrogel were studied. The polyvinyl alcohol-sodium alginate magnetic hydrogel is 

sensitive to pH and temperature and provides the controlled release of famotidine. The results 

showed that the highest drug loading was achieved at 37 °C after 6 hours. Farther more, the 

highest drug release rate was obtained after 6 hours at 37 °C at pH = 2 with 57.95 ppm. 
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Introduction 

Hydrogels are a particular class of macromolecular gels obtained by the chemical crosslinking 

of hydrophilic polymers in a three-dimensional network. They are able to absorb and retain 

large volumes of water from any aqueous solution or biological fluid and release it in response 

to specific environmental stimuli [1,2]. The use of PVA based hydrogels as biomaterials has 

recently gained great importance in view of the non-carcinogenic, high biocompatibility and 

low toxicity [3]. Sodium alginate is an anionic linear polysaccharide from algae with β-(1-4)-

linked d-mannuronic acid units and α-(1-4)-linked l-guluronic acid units, low toxicity, low cost 

and non-immunogenic. It is good biocompatibility with living tissue [4]. Hydrogels containing 

magnetic nanoparticles (MNPs) have been demonstrated to be more convenient for controlling 

drug delivery and biomedical applications due to their super-paramagnetic properties, fast 

response, and non-contact action [5–8]. Alginate magnetic hydrogels have been applied to 

control drug and cell release both in-vitro and in-vivo by causing large deformation and volume 

changes of over 70% using an external MF [9]. Also, hydrogels with super-paramagnetic iron 

oxide nanoparticles have been used to increase the temperature of various drug-target systems 

by magnetic coupling between the magnetic moment of the nanoparticles and the alternating 

MF, which may be utilized for cancer hyperthermia treatments [10–13]. When specific drugs 

are loaded with magnetic hydrogels, they can be used for controlled drug release. Thus, the 

development of magnetic hydrogels holds high potential applications in tissue engineering and 

cell/drug delivery. Famotidine[3-(((2-((diaminomethylene)amino)thiazol-4-yl)methyl)thio)-

N'-sulfamoylpropanimid amide] (Scheme 1) used for treatment of gastroesophageal reflux 

disease (GERD),  duodenal ulcers and esophagitis [14].  The drug in the form of regular pills 

may cause side effects such as short and severe periods of diuresis, which causes severe 

discomfort to patients [15]. In order to overcome the limitations of the conventional release 

system, it is suggested to develop a new method for existing drugs in order to modify the release 

mechanism. These changes can increase drug therapeutic efficacy, reduce toxicity/ side effects, 

and improve patient compliance, which is attractive to the pharmaceutical industry because the 

development of new alternatives to expensive drugs requires a great deal of research and time 

[16, 17].  

 

https://en.wikipedia.org/wiki/Gastroesophageal_reflux_disease
https://en.wikipedia.org/wiki/Gastroesophageal_reflux_disease
https://en.wikipedia.org/wiki/Duodenal_ulcers
https://en.wikipedia.org/wiki/Esophagitis
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Scheme 1. The molecular structure of famotidine. 

 

 

 

Experimental 

      General 

Polyvinylalcohol (PVA) with molecular weight of 60000 and sodium alginate were purchased 

from Merck Germany. sodium alginate was purchased from Merck. Buffers; pH= 2 (Citric 

acid/hydrochloric acid/sodium chloride), pH=7 (potassium dihydrogen phosphate/disodium 

hydrogen phosphate), and pH = 8 (sodium tetraborate/hydrochloric acid) were purchased from 

Merck, redistilled water was used as a solvent. Potassium peroxodisulphate (KPS) extra pure 

and N,N′-methylenebisacrylamide (MBA) was purchased from Merck. Nano Fe3O4 particles 

(20-30 nm) were purchased from Aldrich. 

 

Preparation of Fe3O4@PVA-SA hydrogel 

In a three-necked round bottom flask equipped with a condenser and argon gas inlet, a solution 

of PVA (4.5g), sodium alginate (1.5g), nano-Fe3O4 (0.2g), and N,N′-methylene bisacrylamide 

(0.03g) was prepared by using redistilled water (100 mL). The solution was kept under nitrogen 

atmosphere at room temperature for 1h to remove air. Then potassium peroxodisulphate 

(0.09g) was added carefully and cross-linking reaction was carried out at 80°C under 

vigorously mechanical stirring. After 3h the reaction mixture was poured in to a Teflon mold 

and dried overnight at 80°C in a vacuum oven. 

 

Drug loading 

Fe3O4@PVA-SA (0.2 g) was added to 10 ml of drug solution (100 ppm) and put in a dark place 

for 6h to be completely trapped. In order to measure drug trapping, the amount of trapped drug 

at desired times was determined using UV spectroscopy and with the help of a calibration curve 

depicted of a set of drug solutions with known concentrations.  

 

Drug releasing 
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Drug release of loaded famotidine in the Fe3O4@PVA-SA hydrogel in pH 2, pH 7 and pH 8 

solutions buffered were performed at 25°C, 37°C and 40°C under static conditions. Hydrogel 

containing a specific amount of famotidine drug was added to release environment (20 ml). In 

a specific period of time, 5 ml of filtered samples were trapped and investigated as a function 

of time to determine the amount of released drug. The amount of released drug was determined 

using UV-Vis spectrophotometer  at λmax= 285 nm and with the help of a calibration curve 

depicted of a set of drug solutions with known concentrations. Also, cumulative percentage 

drug release was calculated using an equation obtained from a standard curve [18]. 

 

Results and Discussion 

In this study magnetic PVA-SA hydrogel is prepared in aqueous solution at 80◦C (Scheme 2). Also, the 

water absorptivity and the effects of temperature and pH on the loading and release of famotidine drug 

in magnetic PVA-SA hydrogel were studied.  

 

Scheme 2. The preparation of magnetic PVA-SA hydrogel. 

 

Characterization of magnetic PVA/SA hydrogel 

The FT-IR spectrum of nano-Fe3O4/PVA-SA hydrogel was assigned (Figure 1). The IR spectra 

of the hydrogel clearly mark the presence of hydroxyl group of PVA and SA at 3278 cm-1 (O-

H stretching), vibrations of methylene at 1414 cm-1 and carbonyl stretching of amide linkage 

of N,N′-methylenebisacrylamide at 1644 cm-1. The spectra also contain characteristic bands of 

C-O-C stretching vibrations due to cross-linking of the chains at 1080 cm-1. These data confirm 

that nano Fe3O4/PVA-SA hydrogel networks are formed. 



Masoud Mokhtary, et al., J. Appl. Chem. Res., 18, 3, 43-55 (2024) 

47 
 

 

Figure 1. The FT-IR of, a- SA, b- nano-Fe3O4/PVA-SA, c- PVA, d- nano-Fe3O4. 

 

 

SEM Analysis 

Surface morphological study of magnetic PVA/SA hydrogel explored by scanning electron 

microscope is presented in Figure 2. The result of SEM analysis revealed that the surface of 

the magnetic PVA-SA hydrogel is porous that facilitates absorption of the drug after swelling. 

The average diameter of the fine non agglomerated particles was obtained to be nearly 82 nm 

for magnetic PVA-SA hydrogel. Moreover, dispersion of nano-Fe3O4 in the cross-section of 

magnetic PVA-SA hydrogel was examined through the EDX mapping image. The EDX image 

of magnetic PVA-SA hydrogel indicated homogenous distribution of of nano-Fe3O4 in the 

PVA-SA hydrogel matrix (Figure 3).  
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Figure 2. SEM image nano-Fe3O4/PVA-SA hydrogel. 

 

Figure 3. EDX distributions of nano-Fe3O4/PVA-SA hydrogel. 

 

Also, The EDX spectrum of magnetic PVA-SA hydrogel displays the existence of C, N, O, and 

Fe elements in the nano-Fe3O4/PVA-SA hydrogel (Figure 4). 
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Figure 4. EDX spectra of magnetic PVA-SA hydrogel. 

 

VSM analysis 

Magnetic characterization of magnetic PVA-SA hydrogel was determined by vibrating sample 

magnetometer (VSM). Magnetization increased with increases in the magnetic field. The 

magnetic hysteresis loops of magnetic PVA-SA hydrogel is provided in Figure 5. The 

saturation magnetization about of 15 emu/g was determined for magnetic PVA-SA hydrogel. 

Evidently, the presented result can be attributed to the large amount of diamagnetic PVA and 

sodium alginate on the of magnetic PVA-SA hydrogel. 
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Figure 5. VSM magnetization curve of nano-Fe3O4/PVA-SA hydrogel. 

 

Degree of swelling 

Degree of swelling could be described as water absorption of the hydrogel (Eq.1). The pre-

weighted samples were immersed in redistilled water at 25°C until the gel reached the 

equilibrium state of swelling. Then, the water on the surface of the swollen gel was removed 

with tissue paper, and immediately weighted. The degree of swelling was defined as follows: 

Degree of swelling (%) = (Ws-Wd)/Wd×100   (1) 

Where Ws and Wd are the weight of the swollen gel and the weight of dried gel, respectively. 

As shown in Figure 6 it observed that water absorption of magnetic PVA-SA hydrogel increase 

with increasing time to 7h and then saturated and reaches to equilibrium. 

 

 

Figure 6. Degree of swelling versus immersion time (h) for nano-Fe3O4/PVA-SA hydrogel  hydrogel at 25 oC. 
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The effect of pH on the release of famotidine 

The release of the drug from the hydrogel depends on a number of factors, including the 

composition of the hydrogel, its geometric structure, the method of preparation, the type of 

drug and the environmental conditions during release, which pH is the most important factor. 

Selected pHs were 2, 7 and 8, respectively, which corresponded to the pH range in the acidic 

medium of the stomach, the neutral medium of the plasma and the upper limit of the alkaline 

environment of the intestine [19]. The amount of release of famotidine in acidic, neutral and 

alkaline buffers is shown in Figure 7. The highest and lowest releases of the famotidine drug 

were observed in buffers of pH= 2 and pH=8 respectively. The result showed that the release 

of furosemide from nano-Fe3O4/PVA-SA hydrogel is appropriate in acidic environment after 

6 hours at room temperature with a value of 55.98 ppm. This is due to the higher swelling of 

the magnetic nano-Fe3O4/PVA-SA hydrogel in pH= 2 at 25°C. 

 

 

Figure 7. Concentration curve relative to time in different buffers at 25 °C. 

 

The effect of temperature on the release of famotidine  

The use of temperature as a biological stimulus is due to the fact that the temperature of human 

body changes from normal temperature 37°C in the presence of pathogenic and febrile agents. 

These temperature changes provide the appropriate stimulant for drug release in temperature-

responsive systems in febrile illnesses. Figure 8 shows the effect of temperature on the amount 

of release of furosemide drug from synthesized magnetic PVA-SA hydrogel. As the 
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temperature increases to 37°C, the flexibility of the magnetic PVA-SA hydrogel increased and 

the driving force increases to release the drug from the magnetic PVA-SA hydrogel. 

Consequently, the higher amount of famotidine penetrates into the hydrogel. The highest drug 

release was obtained after 6 hours at 37°C in pH = 2 with a value of 57.95 ppm. Due to the 

acidity of the environment at pH = 2, in 37°C, it is suggested that the carboxylate functional 

groups in the nano-Fe3O4/alginate-PVA hydrogel and the amine functional groups of 

famotidine are protonated, and as a result, the hydrogen bond between the nano-Fe3O4/alginate-

PVA hydrogel and protonated famotidine is decreases (Figure 9). As a result, more amount of 

famotidine drug is released from nano-Fe3O4/alginate-PVA hydrogel at 37°C. 

 

 

Figure 8. Concentration curve relative to time in different buffers at 37 °C. 

 

Figure 9. Proposed release mechanism of famotidine from nano-Fe3O4/PVA-SA hydrogel at pH=2. 
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Conclusion 

In this work, the nano-Fe3O4/PVA-SA hydrogel was prepared from aqueous polyvinylalcohol 

and sodium alginate by potassium peroxydisulphate in the presence of N,N′-methylene 

bisacrylamide and Fe3O4 nanoparticles. The prepared magnetic hydrogel showed good 

swelling capacity in water at room temperature. The magnetic hydrogel was investigated for 

famotidine release to reveal its potential use in drug delivery system. Nano-Fe3O4/PVA-SA 

hydrogel was shown to have a sustained famotidine release profile at pH 2. These results 

indicated that Nano-Fe3O4/PVA-SA hydrogel is useful as a biodegradable matrix for drug 

release for pharmaceutical applications. In vivo studies are needed to better evaluate the release 

of famotidine for use in oral drug delivery systems. 
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