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Abstract: 2-hydroxyl ethyl methacrylate/poly(ethylene glycol) diacrylate (HEMA/PEG-DA) based hydrogels 

are attractive drug carriers due to their appealing properties such as biodegradability and sustained release. The 

scope of this study was to investigate the swelling and release behaviors of HEMA/PEG-DA-based hydrogels 

filled with low concentrations of nanoparticle titanium dioxide (TiO2). Hydrogels have been synthesized 

successfully by photopolymerization. 2,2-dimethoxy-2-phenyl-acetophenone (Irgacure 651), 1-

hydroxycyclohexyl phenyl ketone (Irgacure 184) and 2-hydroxy-4'-(2-hydroxyethoxy)-2 methylpropiophenone 

(Irgacure 2959) were selected for photopolymerization. Fourier Transform Infrared Spectroscopy (FT-IR) had 

been used in confirming the functional group of hydrogels. A digital microscope and Scanning Electron 

Microscope (SEM) were used for characterizing synthesized hydrogels. This study revealed that the content of 

hydrogels, the kind of photo-initiators and pH have a significant effect on the swelling and releasing of 

Donepezil Hydrochloride (active pharmaceutical ingredient (API) for Alzheimer disease) behaviours. 
 

Keywords: HEMA/PEG-DA based hydrogels, nanoparticle titanium dioxide, Donepezil HCl, Swelling, 

Releasing 

 

Donepezil HCl Salımı İçin Düşük Konsantrasyonlarda Titanyum  

Dioksit Nanopartikülü İçeren Fotopolimerize Edilebilir  

HEMA/PEG-DA Tabanlı Hidrojellerin Hazırlanması 

 
Öz: 2-hidroksil etil metakrilat/poli (etilen glikol) diakrilat (HEMA / PEG-DA) tabanlı hidrojeller, biyobozunur 

olma ve sürekli salım gibi özellikleri nedeniyle ilgi çekici ilaç taşıyıcılarıdır. Bu çalışmanın kapsamı, düşük 

konsantrasyonlarda titanyum dioksit (TiO2) nanopartikülü içeren HEMA / PEG-DA tabanlı hidrojellerin şişme 

ve salınım davranışlarını araştırmaktır. Hidrojeller, fotopolimerizasyon ile başarılı bir şekilde sentezlenmiştir. 

Fotopolimerizasyon için 2,2-dimetoksi-2-fenil-asetofenon (Irgacure 651), 1-hidroksisikloheksil fenil keton 

(Irgacure 184) ve 2-hidroksi-4'-(2-hidroksietoksi)-2 metilpropiyofenon (Irgacure 2959) seçilmiştir. Fourier 

Dönüşümlü Kızılötesi Spektroskopisi (FT-IR), hidrojellerin fonksiyonel grubunu doğrulamak için kullanılmıştır. 

Dijital mikroskop ve taramalı elektron mikroskopu hidrojellerin karakterizasyonu için kulanılmıştır. Bu çalışma, 

hidrojel içeriğinin, fotobaşlatıcıların türünün ve pH'ın, Donepezil Hidroklorür’ün (Alzheimer hastalığı için ilaç 

etken maddesi (Active Pharmaceutical Ingredient (API)) şişme ve salım davranışlarının üzerinde önemli bir 

etkiye sahip olduğunu göstermiştir. 
 

Anahtar Kelimeler: HEMA/PEG-DA tabanlı hidrojeller, titanyum dioksit nanopartikülü, Donepezil HCl, 

Şişme, Salım 
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1. Introduction 

 

Controlled release is one of the effective methods, which is used for releasing active pharmaceutical 

ingredients into the simulated media at desired intervals, quantity and shorten the treatment period. 

The main target of researchers to increase drug dosage and inhibit side effects on patients. 

Controlled release provides no continuous daily usage [1]. 

 

Conventional using drug doses lead to a non-treating, unnecessary toxic level. Controlled drug 

delivery is the best option to overwhelm this side effect and provide stable drug concentration in the 

blood. Natural or synthetic polymers are utilized for drug delivery because of high bioavailability 

and stability. Many researchers have given their attention to hydrogels, microspheres, polymeric 

micelles and smart materials for drug delivery systems [2-4].  

 

Hydrogels are selected by researchers in pharmaceutical and medicine as biomaterials due to their 

ability to respond to changes in their environment like as temperature, pH, heat, light, magnetic and 

electrical field, etc. These properties of hydrogel allow them to utilize releasing of active substances 

[5-9]. 

 

Poly(hydroxyethyl methacrylate) is hydrophilic but not water-soluble. Hydroxyethyl methacrylate 

based hydrogels are highly biocompatible and less harmful than the other polymers so it is used in 

contact lenses, drug delivery application, and tissue and biomedical engineering [10-12]. 

 

Poly(ethylene glycol) (PEG)-based hydrogels have high sorption, biocompatibility, low 

immunogenicity, and ease of use in drug delivery and biomedical fields.  These properties allows 

them to use photopolymerizable-curing technique [13-15]. (PEG) based hydrogels are the most 

commonly applied nonionic polymers in the area of polymer-based drug delivery systems. Due to 

high aqueous solubility, hydrogels are considered as versatile candidates for the prodrug 

conjugation. However, more efforts are expected for designing PEG-based prodrug conjugates [16]. 

We have previously reported that PEG-DA, HEMA hydrogels have a favorable behaviour for 

controlled release of Donepezil HCL [1, 6, 7]. Although promising results have been achieved in 

our studies, further studies are needed. 

 

In the biomedical field, UV light polymerization is a method to produce hydrogels. Free radical 

polymerization with UV light is applied in wide variety of areas such as coatings, films, lenses and 

biomaterials. This type of polymerization is not harmful to the human body. Temperatures and pH 

near physiological values can provide hydrogel production and temporary control of the processing 

time [17-20]. 

 

Inorganic nanoparticles have been used in biomedical applications, drug delivery, imaging 

diagnosis, adsorption, and disease therapeutics. Polymer/TiO2 nanocomposites havebeen gained 

attention in many applications because the composite materials can solve the recycling problem of 

TiO2 nanoparticles (NPs) while they improve the stability of hydrogels [21-23]. 

 

Alzheimer disease (AD) is one of the most widely neurodegenerative diseases and most of the 

patients with AD are suffered from loss of synapses and disability of memory, learning [24-26]. 

Donepezil is a piperidine-based, reversible and inhibitor of acetylcholinesterase (AChE) [27]. 

 

In the current study, we investigated the synthesis and utility of PEG-DA and PEG-DA/HEMA 

hydrogels filled with low concentrations of nanoparticle TiO2 for the controlled Donepezil HCl. 

Previous work has shown that addiction of metals, metal oxide nanoparticles such as titanium 

dioxide into hydrogels develops the antimicrobial properties of hydrogels and mechanical 
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characteristics [28-29]. The swelling degree and release capacities of the hydrogel systems and the 

influence of the pH medium and type of photoinitator on the release properties were also examined. 

 
 

2. Experimental Methods 

2.1. Materials 

 

2-hydroxyl ethyl metacrylate (HEMA), polyethylene glycol diacrylates Mn=700 (PEG-DA), 

ethylene glycol dimethacrylate, 2,2-dimethoxy-2-phenyl-acetophenone (Irgacure 651, 99% purity), 

1-hydroxycyclohexyl phenyl ketone (Irgacure 184, 99% purity), 2-hydroxy-4'-(2-hydroxyethoxy)-

2-methylpropiophenone (Irgacure 2959, 98% purity) were supplied from Sigma-Aldrich.  Titanium 

powder was ordered from Alfa Aesar. The complete experimental procedure of TiO2 synthesis was 

reported previously in detail [29]. Donepezil HCl was a kind gift by Abdi İbrahim Company. 

Sodium chloride and hydrochloric acid were purchased from Merck. Sodium hydroxide and 

monobasic potassium phosphate were provided from J.T Baker. All chemicals were used as 

received without purification. 

 

2.2. Methods 

 

PEG-DA and HEMA/PEG-DA based hydrogels were used  in the presence of a photo-initiators (Irg 

184, Irg 651, Irg 2959) and crosslinking agent (ethylene glycol dimethacrylate), as shown in Table 

1. The reactant ingredients were added to petri plates which consist of olive oil, using micropipette 

under nitrogen gas during the chemical reaction. Photopolymerization process was occured at 365 

nm under UV irradiation for 50 seconds. 

 

According to desired hydrogel type, 50 % (w/v) PEG-DA, 25 % (w/v) PEG-DA-25 %(w/v) HEMA, 

1% TiO2 and photo-initiators were added with the help of magnetic stirrer at 50 rpm. Donepezil 

HCl (0.07 % (w/v)) and deionized water were also mixed. Predetermined ratio of ethylene glycol 

dimethacrylate was added. After UV light polymerization, hydrogels were washed with n-hexane 

and later, they were dried at room temperature. 

 

Table 1. Content of HEMA/PEG-DA Based Hydrogels. 
Hydrogels PEG-DA  HEMA EGDMA Irg 651 Irg 184 Irg 2959 TiO2 

 H1        50% -  0.5% 1% - - 1%  

 H2 50% - 0.5% -  1% - 1% 

 H3 50% -  0.5% - -  1% 1% 

 H4 25% 25%  0.5% 1% - - 1% 

 H5 25% 25%  0.5% - 1% - 1% 

 H6 25% 25%  0.5% - - 1%  1% 

 

Swelling studies, calculation of swelling ratio and preparation of buffer solution procedure has been 

reported previously in detail [7].  

 

3. Results and Discussion 

3.1. FT-IR Analyses of Hydrogels 

 

For   the   imaging   photo-crosslinked PEG-DA based hydrogels,  the attenuated  total  reflectance-

FTIR  (ATR-FTIR) scan was performed  with  FTIR  Perkin  Elmer  Spectrum  100.   For each 
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sample, a spectrum was obtained using the ATR utilizing a diamond internal reflection element 

mounted on a holder at a resolution of 4 cm
-1

 in the range 4000-400 cm
-1

 for a total of 16 scans. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

Figure 1.  FT-IR Analyses of Hydrogels. 

 

Absorption of the C=C bonds occurs at ~1630 cm
-1

 and the carbonyl groups at 1724 cm
-1

.  In the 

spectrum of monomer (Fig. 1) the –OH peak is broad in the range of 3400–3700 cm
−1

 indicating 

hydrogen bonding. -C=C- bonds of PEG-DA and HEMA at 933 and 816 cm
−1

 disappeared after UV 

crosslinking, which showed hydrogel formation by consuming -C=C- bonds. The results showed 

(Fig.1)  that with HEMA content increasing in PEG-DA based hydrogels, equilibrium water content  

raised and the contact angle lessened which resulted from the strong H-bonding interactions of 

HEMA between the polymer and water (for H4, H5 and H6). The peak at 620 cm
-1

 is perceived for 

all possible transform structures with Ti-O composition. Therefore, the FTIR spectroscopy results 

confirmed the incorporation of PEG-DA, HEMA and TiO2 in hydrogel. 

 

 

 

 

 

 

 

 

 
 

 

 
  

Figure 2.  Image of Hydrogels. 

 

The sizes of hydrogels were about 2 mm, which were obtained by digital microscope. SEM 

micrographs of the surface of PEG-DA with 1% of TiO2 is shown in Figure 3. As seen the Figure 3, 

PEG-DA hydrogels exhibited a pore size of 5–15 μm and TiO2 nanoparticles were dispersed 

uniformly on the surface. 
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Figure 3. SEM Image of H1 Hydrogel 

 

Figure 4 shows HEMA/PEG-DA hydrogels. Hydrogels have gained a spherical form, when 

poly(ethylene glycol) diacrylate  was combined with composed 2- hydroxyethyl methacrylate. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. SEM Image of H4 Hydrogel 
 

3.2. Swelling Tests 

 

The swelling analyses were applied to determinate the effect of the presence of HEMA and type of 

photoinitiators on hydrogels. Swelling ratio of prepared hydrogels in deionized water and in 

different pH medium at 37°C were indicated in Figure 5-8.  As seen in Figures, higher swelling 

ratios were observed for PEG-DA hydrogels according to HEMA/PEG-DA based hydrogels. The 

swelling ratio of hydrogel decreased significantly with the incorporation of HEMA to PEG-DA. 

While the values of swelling percentage of PEG-DA based hydrogels were ranged between 66 and 

88%, swelling percentage of HEMA/PEG-DA based hydrogels were ranged between 57 and 78 %. 

The swelling of hydrogels usually depends on the pH. As illustrated in these figures, at pH 6.8 has 

the highest swelling ratio for all hydrogels. 
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Figure 5. Swelling degree of hydrogels in pH 1.2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Swelling degree of hydrogels in deionized water. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7. Swelling degree of hydrogels in pH 6.8 
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Figure 8. Swelling degree of hydrogels in pH 7.4. 

 

Figure 9, 10 and 11 show the cumulative release of drug from prepared hydrogels at simulated 

media, at 37
o
C. It has found that H1 hydrogel (in the presence of TiO2, with Irgacure 651) shows 

the highest release.  

 
Figure 9. Release ratio of hydrogels in pH 1.2 

 

 
 

Figure 10. Release ratio of hydrogels in pH 6.8 
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The results demonstrated that synthesized H5 hydrogels released the minimum amount of 

Donepezil Hydrochloride. PEG-DA and HEMA/PEG-DA hydrogels were very pH sensitive. The 

amount of drug released increased with increasing pH. 
 

 
 

Figure 11. Release ratio of hydrogels in pH 7.4 
 

4. Conclusions 
 

In presented study, synthesis of PEG-DA/TiO2 and HEMA-PEG-DA/TiO2 hydrogels were achieved 

by UV photopolymerization and their release profiles in varying pH medium were examined. 

Swelling behavior of hydrogels in different pH medium demonstrated that they are pH sensitive. In 

addition, type of the photo-initiators influenced swelling and release behaviors. In vitro drug release 

from, PEG-DA/TiO2 and HEMA-PEG-DA/TiO2 hydrogels showed a controlled Donepezil HCl 

release profile. Results depicts the drug release of hydrogel increased by rising pH. Synthesized 

hydrogels in presence of Irgacure 2959 showed the highest release. In conclusion, these hydrogels 

may have a potential as drug carriers. 
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