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Scientific Report 

regarding the implementation of the project between September - December 2020 (Stage I) 

The overall objective of the proposal is to continue previous research and to find the best way to deliver 

the irradiated solutions for wound dressings in view of obtaining the best antimicrobial effect. In this respect, 

it is proposed to use UV photo-crosslinked hydrogels. Within this stage, the objectives were: *update the 

concept of the project to last-minute published progress to reach the aims specified in the project proposal; 

*irradiation of chlorpromazine solutions using 266 nm emitted by Nd:YAG laser at 6.5 mJ. 

Within this stage were obtained the following results: 

1. Update the concept of the project to last-minute published progress to adapt the research in view of 

reaching the aims specified in the project proposal. 

2. Irradiation of chlorpromazine (CPZ) solutions at 266 nm, the fourth harmonic of the pulsed beam 

emitted by Nd:YAG laser. 

1. Update the concept of the project to last-minute published progress to adapt the research to 

reach the aims specified in the project proposal. 

In the case of chronic wounds, the potential for infection and colonization increases due to the presence 

of avascular ulcers, which provide an favorable environment for uninhibited growth of microorganisms [1]. 

The rate of infection depends on the type of wound, its mode of care and the general health of the patient [2]. 

Thus, products are needed to treat wounds, that are more economical and effective and that provide an 

optimal healing environment for the wound.  

In this sense, hydrogels were created, both natural and artificial, in order to be used in healing wounds. 

Hydrogels can make the most of the beneficial results of therapy, by improving their effectiveness and 

reducing the toxicity and doses required; this is because hydrogels can provide spatial and temporal control 

over the release of therapeutic agents, including small molecule drugs, macromolecular drugs and even cells. 

Of all the hydrocolloid dressings, alginate or hydrogels, each with its own advantages and limitations, 

hydrogels are the best and have all the characteristics necessary for an ideal dressing. Hydrogels are made of 

crosslinked polymers, natural or synthetic, and are used in a variety of biomedical fields. They are used in 

the administration of medicines, wound dressings, contact lenses and as electrodes or sensors. [3]. Various 

polymers with good bio-compatibility are used to form hydrogels. The natural ones are alginate, chitosan, 

gelatin and collagen, and the synthetic ones are polyurethane, poly (ethylene glycol), polycaprolactone, poly 

(vinyl pyrrolidone), poly (lactide-co-glycolide), polyacrylonitrile, or poly (amino acids). 

Hydrogels can provide spatial and temporal control over the release of the therapeutic agents, including 

small molecule drugs, macromolecular drugs, and even cells. Conventional drug administration often 

requires high doses or repeated administration to stimulate a therapeutic effect, which can reduce the overall 

efficacy and lead to severe side effects, even toxicity. [4], [5]. In this sense, hydrogels can make the most of 

on the beneficial results of therapy by improving their effectiveness and reducing the toxicity and dose. 

Hydrogels can be produced by exposing polymers to UV radiation, the process being a suitable tool due 

to easier processing compared to chemical or freeze-drying techniques. More, irradiation makes possible 

hydrogel formation and sterilization in one step. Photopolymerization uses light to dissociate the initiator 

into free radicals, which react with the double bonds of crosslinking monomers or pre-polymers. [6]. 

Polymers and initiators selection 

To meet the project objectives, the following polymers and initiator were chosen for the production of 

hydrogels by photopolymerization: natural polymer - methacrylate gelatin (GelMA), synthetic polymer - 

polyethylene glycol diacrylate (PEGDA), photoinitiator type I - Irgacure 2592 and photoinitiator type II - 

riboflavin (co-initiator - L-arginine) and a commercial kit for the formation of hydrogels - EncapGel-UV Kit. 

The polymers, photoinitiators and co-initiator are water-soluble, non-cytotoxic (generate only a minimal 

immune response) and biocompatible. 

Table 1 presents the crosslinking conditions of the polymers, conditions identified in the literature. 
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Table 1. Photopolimerization conditions identified found in the literature for GelMA and PEGDA using photoinitiators such as Irgacure 2959 

or Riboflavin.  

Polymer/ conc. photinițiator/ 

conc. 

Co-initiator/ 

conc. 

λxcitation 

(nm) 

Intensity/ 

fluence 

Exposure 

time 

Mold Observations / Reference 

GelMa 

C=2.5-20 % w/v 

Irgacure 2959 

C=0.05%, 0.1%, 

0.5%, 1% 

- 365±20 
2-150 mW/cm2 

 
290 s- 4 s NA 

The total energy flow for crosslinking the GelMa 

solution can be minimized by using low intensity 

radiation coupled with a high concentration of 

photoinitiator [7]. 

GelMa + PEGDA 

C=10%+5% 

C=20%+5% 

C=30%+5% w/v 

Irgacure 2959 

C=0.1% w/v 
- 365 90 mW/cm2 10 min NA 

Polymers and photoinitiator were dissolved in 

PBS 

The hydrogels were dried by lyophilization [8] 

PEGDA 

C=98% w/w 

Irgacure 2959 

C=2% w/w 
- 365 1273 mW/cm2 15 min 

- two glass slides 

with a controlled 

distance 

fCNTs were added prior to polymerization (10% 

of PEGDA volume) [9] 

PEGDA 

C=20-100% wt 

2-hydroxy-2-

methyl-

propiophenone 

C= 0.5-5% wt% 

 

- 365 0.5-5 mW/cm2 1-20 min  

-made from 

aluminum 

-16x8x2 mm 

For 5 mW/cm2 the hydrogel degrades. A smaller 

amount of photoinitiator requires a longer 

irradiation time [10]. 

GelMA / PEGDA 

C= 7.5% w/v 

C= 12.5% w/v 

C=3.75%+3.75% 

Irgacure 2959 

C=0.5% w/v 
- 365 

1.88 J/cm2 

3 J/cm2 NA 

-diameter:6.5 mm / 

10 mm 

-height: 1 mm 

The polymers were dissolved in DMEM culture 

medium with 1% penicillin-streptomycin at 65 ºC 

under stirring conditions. [11] 

PEGDA 

C=20% 

C=40% w/v 

Irgacure 2959 

C=0.05% w/v 

C=0.1% w/v 

- 365 NA 30 min 

two microscope 

slides separated by 

spacers of 0.3 mm 

and 0.6 mm  

Studies on the encapsulation and release of 

theophylline. Rhodamine B permeability studies 

using a laboratory-made device. [12] 

GelMa 

C=20% w/v 

Irgacure 2959 

C=0.5% w/v 

 

- 365 2.6 mW/cm2 30 min 

-PTFE 

-diameter: 5mm 

-height: 1.8 mm 

-volume:35 µL 

Incorporation of Abraxane into hydrogels [13] 

GelMa 

C=20% w/v 

Irgacure 2959 

C=0.5% w/v 

 

- 365 3.5 mW/cm2 5 min 

-PTFE 

-diameter: 8 mm 

-height: 1 mm 

[14] 

Dextran 

methacrylate 

C=25% w/v 

Riboflavin 

C=0.01%-20% 

wt 

L-arginine 

C=0.1-100% wt  

Ecolux, 

FI718-

SP-35- 

ECO 

NA 15-40 min 
-Teflon 

-height: 1 mm 

Hydrogel lamp-precursor distance = 15 cm. The 

optimal concentration of α-arginine was between 

5 and 10 % (wt) [15]. 

Note: NA-information were not provided 
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2. Irradiation of chlorpromazine solutions using 266 nm from Nd:YAG at 6.5 mJ. 

CPZ solutions at a concentration of 2 mg/mL and a volume of 2 mL were irradiated with a laser 

beam emitted at 266 nm as the fourth harmonic of the Nd: YAG laser (10 Hz, 6 ns FWHM). Laser 

radiation exposure times were 1, 5, 15, 30 and 60 minutes. The samples were investigated by UV-Vis 

and FTIR absorption spectroscopy and laser-induced fluorescence.  

The UV-Vis absorption spectrum of the unirradiated CPZ in Figure 1a is characterized by two 

absorption bands with maxima at 254 nm and 307 nm. Following irradiation, the intensity of the band 

at 254 nm shows a hypochromic shift until the end of irradiation.  The band at 315 nm suffers a 20 nm 

bathochromic shift and is companied by its broadening.  

 

Figure 1. a) Absorbance spectra of unirradiated CPZ and irradiated CPZ solutions for 1, 5, 15, 30, 60 min.  

b) Fluorescence spectra of unirradiated COZ and irradiated CPZ solutions for 1, 5, 15, 30, 60 min. 

The LIF spectrum of the CPZ solution, with a concentration of 2 mg/mL, irradiated for 60 minutes 

is characterized by the presence of a single band with a maximum at 499 nm (Figure 1b). The 

fluorescence intensity increases during the first 5 minutes of irradiation and then begins to decrease.  

The IR spectra of unirradiated and irradiated CPZ solutions are shown in Figure 2.

 

Figure 2. FTIR spectra of unirradiated CPZ and irradiated CPZ for 1, 5, 15, 30, 60 min in the domain: a) 3600-2000 cm-1 

and b) 1750-700 cm-1. 

The appearance of the two bands at 1205 cm-1 și la 1086 cm-1 indicates the attachment of phenol 

groups to the molecular structure of CPZ and the generation of oxidative forms. 

Conclusions 

During this stage, a documentation was made on project concept, establishing the following: the 

polymers and photoinitiators to be used, the photopolymerization protocol and the analysis methods 

of the hydrogels formed. CPZ solutions were also irradiated and analyzed by UV-Vis and FTIR 

absorption spectroscopy and laser-induced fluorescence.  
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