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Introduction: Poly(1,3-trimethylene carbonate) (PTMC) is a flexible amorphous polymer with good degradability and biocompatibility. The degradation of PTMC is critical for its application as a degradable polymer, more convenient and easy-to-control cross-linking strategies for preparing PTMC are required.
Methods: The blends of poly(trimethylene carbonate) (PTMC) and cross-linked poly(ethylene glycol) diacrylate (PEGDA) were prepared by mixing photoactive PEGDA and PTMC and subsequently photopolymerizing the mixture with uv light. The physical properties and in vitro enzymatic degradation of the resultant PTMC/cross-linked PEGDA blends were investigated.
Results: The results showed that the gel fraction of PTMC/cross-linked PEGDA blends increased while the swelling degree decreased with the content of PEGDA dosage. The results of in vitro enzymatic degradation confirmed that the degradation of PTMC/cross-linked PEGDA blends in the lipase solution occurred under the surface erosion mechanism, and the introduction of the uv cross-linked PEGDA significantly improved the resistance to lipase erosion of PTMC; the higher the cross-linking degree, the lower the mass loss.
Discussion: The results indicated that the blends/cross-linking via PEGDA is a simple and effective strategy to tailor the degradation rate of PTMC.
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1 INTRODUCTION
Poly(1,3-trimethylene carbonate) (PTMC) is a flexible amorphous polymer with good degradability and biocompatibility (Hou et al., 2021; Hou et al., 2022) while without acidic degradation substances, thus avoiding severe inflammatory reactions (Yang et al., 2014a; Yang et al., 2015). Therefore, PTMC has a wide range of applications in biomedicine, such as drug delivery systems (Fukushima, 2016; Mohajeri et al., 2020; Hou et al., 2023) and tissue engineering (Li et al., 2020; Brossier et al., 2021; He et al., 2021).
The degradation of PTMC is critical for its application as a degradable polymer. Studies have shown that the high molecular weight PTMC has good morphological stability, but the degradation is too fast. On the contrary, low molecular weight PTMC degrades slowly (Yang et al., 2015). However, it has poor morphological stability and creeps quickly at room temperature (Yang et al., 2015). Therefore, suitable methods for modifying PTMC must be found to obtain polymers with controllable degradation time and stable morphologies. Numerous studies have shown that copolymerization can modulate the physical properties and control the degradation rate of PTMC. As Yang (Yang et al., 2014a) and Hou (Hou et al., 2019) reported, the appropriate introduction of hydrophobic or semi-crystalline segments into the structure reduces the degradation rate of PTMC. Although it is an effective strategy to adjust the degradation rate of PTMC, the degradation rate of copolymers is also affected by several factors, such as the molar ratio (Hou et al., 2022), molecular weight (Hou et al., 2020) of copolymers, etc., resulting in the controlled regulation of the degradation rate of PTMC still faces challenges.
The construction of biodegradable cross-linked networks (BCNs) is one of the efficient ways to retard polymer degradation and maintain morphological stability. Chemical cross-linking is a promising strategy to prevent the degradation of PTMC, and for example, Yang et al. prepared bis-TMC with a structure similar to TMC as a chemical cross-linker to obtain PTMC-BCNs (Yang et al., 2013; Yang et al., 2014b). The resulting PTMC-BCNs showed improved morphological stability and lower degradation rate in vitro (Hou et al., 2017) and in vivo (Yang et al., 2016). However, the difficulty of forming BCNs after chemical cross-linking severely limits their wide application.
Compared with chemical cross-linking, irradiation cross-linking allows PTMC to be molded before cross-linking. In particular, gamma- and electron beam irradiation enables rapid cross-linking of the molded PTMC (Liu et al., 2021a; Liu et al., 2021b; Jozwiakowska et al., 2011), and the cross-linked PTMC also has a slow degradation rate due to the formation of the cross-linked network (Bat et al., 2009; Bat et al., 2010a; Liu et al., 2021c), which can significantly improve the erosion resistance of PTMC. Grijpma et al. reported that biodegradable elastomeric PTMC-BCNs could be efficiently formed by gamma irradiation of the linear polymer in the presence of pentaerythritol triacrylate (PETA), and the enzymatic erosion rates of the networks could be decreased from 12.0 ± 2.9 to 3.0 ± 1.6 µm/day (Bat et al., 2010b). However, the way of irradiation cross-linking also has specific problems, for example, chain scission that simultaneously occurs with cross-linking, which can make the molecular weight of PTMC decrease (Yang et al., 2014b; Liu et al., 2021b), and the resulting low-molecular weight segments will form defects in the three-dimensional network, and reduce the performance of PTMC-BCNs.
UV photo-cross-linking is a promising solution to the problems of the above strategies. Flexible, elastomeric, and biodegradable networks could be readily prepared by UV irradiating PTMC films (Rongen et al., 2016; Zant and Grijpma, 2016; Wang et al., 2020). The design and preparation of prepolymers functionalized with double bonds are essential for UV photo-crosslinking of PTMC, such as the molecular weight of the prepolymer, the copolymerization ratio, and the number of double bonds can affect the degradation rate of the cross-linked PTMC. This will undoubtedly increase the factors affecting the degradation rate of UV-crosslinked PTMCs. Hence, more convenient and easy-to-control cross-linking strategies for preparing PTMC-BCNs are required.
Currently, poly (ethylene glycol) diacrylate (PEGDA) has been widely used as cross-linking agent (Kedzierska et al., 2022). PEGDA is a derivative of polyethylene glycol (PEG) with double-bonded acrylate groups at both ends, which can form various cross-linked networks through photo-polymerization in the presence of a photoinitiator. PEGDA is a hydrophilic material with low cytotoxicity and good biocompatibility (Warr et al., 2020). Therefore, multiple combinations of PEGDA-based materials have been developed for biomedical applications (Qin et al., 2021; Soriente et al., 2021).
In this study, PTMC/cross-linked PEGDA blends were prepared directly by UV cross-linking strategy using PEGDA as a cross-linking agent without preparing prepolymers. The thermal properties of the resulting PTMC/cross-linked PEGDA blend with different degrees of cross-linking were investigated. The in vitro enzymatic degradation behavior of PTMC/cross-linked PEGDA blends was also performed in lipase solutions to investigate the effect of cross-linked PEGDA on the degradation rate of PTMC.
2 MATERIALS AND METHODS
2.1 Materials
Trimethylene carbonate (TMC) was purchased from Daigang Biomaterial Co., Ltd (Jinan, Shandong, China), recrystallized twice with ethyl acetate, and dried to constant weight before polymerization. Stannous octoate [Sn(Oct)2] (95%) and lipase from Aspergillus oryzae (≥10 0,0 0 0 U/g) were obtained from Sigma-Aldrich and used as received. PEGDA (average Mw = 400Da) and 2-hydroxy-4-(2-hydroxyethoxy)-2-methylpropiophenone (I2959) were purchased from Innochem (Beijing, China). All other solvents and reagents were analytical grade and used without further purification.
2.2 Measurements
A Thermo Scientific Nicolet iS50 Fourier transforms infrared spectrometer (Madison, WI, USA) with an ATR accessory was used to analyze the chemical structure of the samples. The film sample was placed on the ATR accessory’s crystal face, and the samples’ infrared spectrum was collected. The testing range was 400–4,000 cm−1, the number of scans was 32, and the resolution was 4cm−1. The hydrophilicity of the PTMC/cross-linked PEGDA blend films was tested using a DSA25 drop-shape analyzer (Kruss, Hamburg, Germany). The test temperature was room temperature, and the test time was 3 s. A camera recorded the shape of ultrapure water droplets (5 μL) on the films, and the data were read by the computer. At least three positions were measured for each sample, and the average was taken. The glass transition temperature (Tg) of the PTMC/cross-linked PEGDA blends was determined using a Netzsch DSC 200 F3 (Netzsch, Selb, Germany) equipped with a liquid nitrogen cooling system. The measured temperature range was from −50°C to 100°C, and the heating rate was 10°C/min under a nitrogen atmosphere. The thermal stability of the PTMC/cross-linked PEGDA blends was performed using a Netzsch TGA 209 F3 (Netzsch, Selb, Germany) at a heating rate of 10°C/min from room temperature to 700°C under a nitrogen atmosphere. The temperature was set at Td when the mass loss was 5%. Before and after degradation, the films were photographed with a camera to obtain the macroscopic morphology of the material. The microscopic morphology of the films was obtained using a TESCAN MIRA LMS scanning electron microscope (SEM) (Brno, South Moravia, Czech Republic). Gold was sprayed on the surface of the materials to increase their electrical conductivity before testing.
2.3 PTMC synthesis
PTMC was synthesized by bulk ring-opening polymerization of TMC using Sn(Oct)2 as a catalyst (Li et al., 2020). In brief, dried TMC (30 g, 0.29 mol) and an anhydrous toluene solution of Sn(Oct)2 (0.2 M; 1/20000 eq, 2.9 μL) were added to the ampoule. After purging with dry nitrogen, the ampoule was heat-sealed under a vacuum (5 mmHg) and put in an oil bath at 130°C ± 2°C for 24 h. After the reaction, the ampoule was cooled to room temperature and smashed to obtain the crude polymer, which was dissolved in dichloromethane, followed by purification in ice methanol. The purified PTMC was vacuum dried to constant weight.
2.4 Preparation of PTMC/cross-linked PEGDA blends
Briefly, PTMC, PEGDA, and I2959 (photoinitiator) are dissolved in appropriate dichloromethane according to a predetermined weight ratio and poured into a glass plate (diameter: 9 cm, height: 1.5 cm). The glass plate was placed in a fume hood to allow the solvent to evaporate naturally. After evaporation, the films were irradiated under a UV lamp (365 nm) for 3 min. The photo-crosslinked blends were vacuum dried to constant weight, and then fixed-size circular films were punched (diameter: 7 mm) for subsequent experiments. The preparation process of PTMC/cross-linked PEGDA blends is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Schematic representation of the preparation of PTMC/cross-linked PEGDA blends.
2.5 Gel fraction and swelling degree
Samples were weighed and stored in a glass vial containing dichloromethane for 5 days to determine the gel fraction and swelling degree (SR) of PTMC/cross-linked PEGDA blends. The solvent was changed once a day to remove the soluble fraction altogether. After 5 days, the swollen gel was taken out, and the wet weight of the sample was weighed. Then, the piece was dried to a constant weight using a vacuum-drying oven. The gel fraction and swelling degree were calculated using Eqs 1, 2.
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M denotes the initial weight of PTMC/cross-linked PEGDA blends before swelling, Mt is the wet weight of PTMC/cross-linked PEGDA blends after 5 days of swelling, and m represents the dry weight of PTMC/cross-linked PEGDA blends after swelling. Three replicate samples were set to measure gel fraction and swelling ratio, and the results were averaged.
2.6 In vitro enzymatic degradation
Before degradation, the initial weight (Wi) of the circular films of PTMC/cross-linked PEGDA blends were weighed using an electronic balance (Sartorius, German). The initial thickness (Ti) of the film was recorded by electronic digital calipers (Guanglu, China). Then, the circular films were placed in a glass tube containing 500 μL lipase solution that was changed every 4 days. The glass tubes were placed in a constant temperature oscillator at 37°C and gently shaken daily for 8 h. Every 4 days, three parallel samples were taken from the lipase solutions in each group and washed with deionized water. Water from the surface of the samples was absorbed with absorbent paper, and the films were weighed and thickness measured, then dried under vacuum at 37°C to a constant weight for further analysis. Before and after degradation, the pH of the lipase solutions was monitored using a Toledo-Mettler InLabMicro TM pH meter equipped with a three-in-one microelectrode (Toledo-Mettler, Zurich, Switzerland). The mass loss, thickness loss, and water uptake of the samples were calculated according to Eqs 3–5, respectively. The degradation rate constant k was used to quantify the mass loss for each sample set and calculated according to Eq. 6 (Yang et al., 2015; Hou et al., 2021).
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Wi is the initial weight of the sample before degradation, Ww is the wet weight of the sample, and Wd is the dry weight after degradation. Ti is the initial thickness of the sample before degradation, and Td is the thickness of the dried film after degradation. Mt is the mass loss at degradation time t.
3 RESULTS AND DISCUSSION
3.1 Preparation of PTMC/cross-linked PEGDA blends
PTMC/cross-linked PEGDA blends with different degrees of cross-linking were prepared by increasing the amount of PEGDA with a given content of PTMC and I2959, as shown in Table 1.
TABLE 1 | PTMC/cross-linked PEGDA blends with different PEGDA contents.
[image: Table 1]During the cross-linking process, I2959 generates free radicals in the presence of UV light. The radicals attack the -C=C- of PEGDA, creating a reactive center and initiating the self-crosslinking of PEGDA to form a three-dimensional cross-linked structure. The cross-linked PEGDA acts as a physical cross-linking point for the linear PTMC, prompting the linear PTMC chains to intertwine or intersperse with the cross-linked PEGDA, thus forming a three-dimensional network of cross-linked PTMC. The formation of PTMC/cross-linked PEGDA blends is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Schematic representation of PTMC/cross-linked PEGDA blends formation. 1) I2959 generates free radicals under UV light irradiation; 2) reaction between PEGDA and free radicals to form active centers; 3) activated PEGDA bonds together to form a self-crosslinking network; 4) ring-opening polymerization of TMC to form linear PTMC; 5) linear PTMC linear PTMC chains intertwine or intersperse with the cross-linked PEGDA, forming a three-dimensional network of cross-linked PTMC.
3.2 Structural characterization
As shown in Figure 3, the FTIR spectra of the pure PTMC, pure PEGDA, and PTMC/cross-linked PEGDA blends were compared to identify the chemical alteration. In PEGDA, the peak at 1,121 cm−1 is the symmetric stretching vibration of C-O-C, and the peak at 2,889 cm−1 is the symmetric stretching vibration absorption peaks of C-H in -CH2-CH2- segments. As for the spectrum of PEGDA, it should be noted that the peaks at 1,635 and 810 cm−1 confirmed the presence of alkene moieties. The disappearance of these peaks indicates the curing of acrylates, and PEGDA is successfully self-crosslinked under UV light. The C=O stretching vibration absorption peaks of PEGDA and PTMC is at 1720 cm−1 and 1734 cm−1, respectively, which overlaps in the PTMC/cross-linked PEGDA blends. In PTMC, the absorption peaks caused by the asymmetric and symmetric stretching vibrations of -CH2- at 2,972 cm−1 and 2,910 cm−1 can also be detected. Compared with the PTMC and PEGDA spectra, the PTMC/cross-linked PEGDA blends did not show any apparent new absorption peak, indicating no chemical reaction between the two polymers.
[image: Figure 3]FIGURE 3 | FTIR spectra of PTMC, PEGDA monomer, and PTMC/cross-linked PEGDA blends.
3.3 Gel fraction and swelling degree
The gel fraction can be used to indicate the degree of cross-linking. Obviously, the gel fraction gradually became more prominent while the swelling degree decreased with the increase of PEGDA, as shown in Figure 4, indicating that the degree of cross-linking of the PTMC/cross-linked PEGDA blends gradually increased. This result suggests that the increase in PEGDA content can lead to the formation of a denser network.
[image: Figure 4]FIGURE 4 | Gel fraction (A) and swelling degree (B) of PTMC/cross-linked PEGDA blends.
3.4 Thermal properties
As shown in Figure 5A and Table 2, the Tg of PTMC is -16.6°C and the Tg of UV cross-linked P(PEGDA) is –27.2°C. With increased PEGDA content in the feeding ratio, the Tg of PTMC/cross-linked PEGDA blends showed a decreasing trend. It is attributed to the plasticization effect of P(PEGDA) in the blends (Fang et al., 2014; Yang et al., 2019). With the increase of the number of flexible [-O-CH2-CH2 -] chains from P(PEGDA) in PTMC/cross-linked PEGDA blends, the motion of molecular chains is relatively active, resulting in lower Tg.
[image: Figure 5]FIGURE 5 | DSC (A) and TGA (B) curves of obtained PTMC/cross-linked PEGDA blends.
TABLE 2 | Thermal properties of PTMC/cross-linked PEGDA blends.
[image: Table 2]As shown in Figure 5B and Table 2, The thermal decomposition temperature of PTMC is about 240°C. The thermal decomposition temperature of P(PEGDA) is higher than that of PTMC, about 330°C. With the increase of PEGDA, the thermal stability of PTMC/cross-linked PEGDA blends gradually increases due to the formation of a cross-linked network.
3.5 Hydrophilicity of PTMC/cross-linked PEGDA blends
Hydrophilicity is an essential factor in determining material properties. The water contact angle is an important parameter to measure the wettability of liquid to materials. A static water contact angle measurement was used to investigate the hydrophilicity of PTMC/cross-linked PEGDA blends, as shown in Figure 6. It can be seen from Figure 6A that the water contact angle of PTMC is 76.91° ± 2.15°, which shows the hydrophobic nature. With the increase of PEGDA dosage, the water contact angle gradually becomes smaller, indicating the hydrophilicity of the material is improved. It suggests that the introduction of hydrophilicity of PEGDA improves the PTMC blends.
[image: Figure 6]FIGURE 6 | The water contact angle of PTMC/cross-linked PEGDA blends.
3.6 In vitro enzymatic degradation of PTMC/cross-linked PEGDA blends films
3.6.1 Mass loss and thickness loss
Mass loss is one of the most critical parameters in studying the degradation properties of biodegradable polymers. The degradation behavior of PTMC/cross-linked PEGDA blends is shown in Figure 7. Figure 7 (a) shows an excellent linear relationship between mass loss and degradation time for each group. The mass loss of PTMC was nearly 100% after 20 days, while the mass loss of the N4 group (PTMC +60% PEGDA) was only 30% of the initial weight. The results showed that the degradation rate of PTMC/cross-linked PEGDA blends decreased with the increase of PEGDA, which significantly prolonged the degradation period of the materials. As shown in Figure 7B, the degradation rate constant k of PTMC is 49.75%. With the increase of PEGDA, the k value showed a downward trend, indicating that the degradation period of the films became longer. Blending with UV cross-linked PEGDA can effectively slow down the degradation of PTMC. We also investigated the thickness loss of the films as a function of the degradation time, as shown in Figure 7C. The thickness of the films gradually decreases with time. It can be seen from Figure 7D that the mass loss of the film is linearly related to the thickness loss, and both occur simultaneously. This confirms that the degradation of PTMC/cross-linked PEGDA occurred via surface erosion mechanisms.
[image: Figure 7]FIGURE 7 | Mass loss (A), degradation rate constant k (B) and thickness loss (C) of PTMC/cross-linked PEGDA as a function of degradation time, and thickness loss as function of mass loss (D) of PTMC/cross-linked PEGDA.
3.6.2 Macroscopic and microscopic morphology
Photographing samples at different degradation times obtained the macroscopic morphology of the material to determine the stability of the PTMC/cross-linked PEGDA blends. As shown in Figure 8, for the N1(PTMC) group, the original morphology could not be maintained after degradation of 16 days, and it was degraded entirely at day 20. The N2 group samples remained in their original shape on day 16. Films were still present on day 20, but the integrity of the films was lost. On day 20, the films of groups N3 and N4 retained their integrity and original morphology without curls. However, the films of both groups developed cracks during degradation, which appeared earlier and more severe in the N3 group than in the N4 group. It can be seen that the network structure formed after cross-linking increases the stability of the films, reduces the deformation of the materials, and slows down the degradation.
[image: Figure 8]FIGURE 8 | The macroscopic morphology of films before and after enzymatic degradation.
Figure 9 shows the microscopic surface morphology of the films during degradation. Before degradation, the surfaces of the films are all flat and smooth. A large number of holes appear on the surface of PTMC after degradation. As the degradation time increases, the number of pores and holes and their size gradually increases. Holes also appeared on the surface of the N2 group films, but the number and size of the holes were smaller than those of PTMC. Fewer holes appear in the N3 group, and many cracks appear in the later stages of degradation. In the early stage of degradation, no holes appeared in the N4 group. As the degradation progressed, cracks also appeared in the films of the N4 group, but the distribution and size were not as large as those of the N3 group. The results indicate that the formation of cross-linked networks effectively prevents degradation.
[image: Figure 9]FIGURE 9 | The surface morphology of films before and after enzymatic degradation.
3.6.3 Water uptake of films
As shown in Figure 10, the water uptake of the PTMC/cross-linked PEGDA blends gradually increased with the degradation time. As a surfactant, lipase disperses the degradation products into solution, thus accelerating the degradation of the PTMC/cross-linked PEGDA blend (Yang et al., 2015), leading to pores and holes on the material’s surface. In the later stages of degradation, the pores and holes became larger. The appearance of pores promotes the storage of water. Although PTMC degrades the fastest and has many pores on its surface, the PEGDA chain segments significantly increase the hydrophilicity of the PTMC/cross-linked PEGDA mixture. The higher the PEGDA content, the more hydrophilic the PTMC/cross-linked PEGDA mixture becomes, which gradually increases its water absorption during degradation.
[image: Figure 10]FIGURE 10 | The water uptake of films during enzymatic degradation.
3.6.4 pH value
During the degradation process, we monitored the lipase solution’s pH variation as a function of the degradation time. It has been shown that PTMC does not produce acidic degradation products during enzymatic degradation and is independent of its relative molecular weight (Yang et al., 2015). As shown in Figure 11, the pH of the PTMC/cross-linked PEGDA blends remained stable during the degradation process. This result indicates that the degradation of the PTMC/cross-linked PEGDA blends did not produce acidic degradation products, thus avoiding the development of local inflammation and having a more significant potential for biomedical applications.
[image: Figure 11]FIGURE 11 | The changing trend in the pH value of films during enzymatic degradation.
3.6.5 The change in thermal properties
We also examined the changes in the thermal properties of PTMC/cross-linked PEGDA blends during degradation and illustrated with the N3 group as a typical representative, as shown in Figure 12 and Table 3. As shown in Table 3, the Tg tends to decrease as the degradation proceeds. The breakage of molecular chains leads to a higher degree of motion, and Tg decreases accordingly. The destruction of the cross-linked structure due to degradation causes the polymer to lose thermal stability, which leads to a decrease in the Td. Furthermore, the accumulation of degradation products on the material’s surface also decreases its thermal stability and enhances a lower Tg due to the plastic effect of the degradation products.
[image: Figure 12]FIGURE 12 | Changes in DSC (A) and TGA (B) of PTMC/cross-linked PEGDA blends N3 during degradation.
TABLE 3 | The change of Tg and Td during degradation.
[image: Table 3]4 CONCLUSION
In this study, PTMC/crosslinked PEGDA blends were prepared directly using UV crosslinking strategy with PEGDA as crosslinking agent. The degradation behavior of the PTMC/cross-linked PEGDA blends was characterized to assess their potential as biomaterials. The gel fraction of the PTMC/cross-linked PEGDA blends became more prominent with increasing PEGDA. The degradation mechanism of the PTMC/cross-linked PEGDA blends was surface erosion. The degradation rate of the PTMC/cross-linked PEGDA blends decreased significantly with increasing cross-linkage. The pH of the enzyme solution confirmed that the PTMC/cross-linked PEGDA blend degraded without acid production. Hence, the introduction of cross-linked PEGDA to fabricate the PTMC/cross-linked PEGDA blend is a simple and effective strategy to tailor the degradation rate of PTMC. This strategy eliminates the preparation of prepolymers, which reduces the influencing factors affecting the degradation of the blends and avoids defects such as scission of molecular chain due to irradiation. More importantly, this strategy can meet the practical needs of more convenient and easy-to-control cross-linking for PTMC, which can help to enrich the in-depth study of cross-linked PTMC.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
AUTHOR CONTRIBUTIONS
WL, ML, and CW: Conceptualization, Methodology, Software, Writing—original draft. YL: Methodology, Software. XN and YS: Formal analysis. JG: Methodology, Supervision. LY: Methodology, Resources, Supervision, Validation. MJ: Resources, Supervision. HC: Resources, Supervision. All authors contributed to the article and approved the submitted version.
FUNDING
This research work was supported by the Natural Science Foundation of Liaoning Province (2022-YGJC-69) and the support program for excellent young scholars of China Medical University.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Bat, E., Feijen, J., and Grijpma, D. W. (2010b). Biodegradable elastomeric networks: highly efficient cross-linking of poly(trimethylene carbonate) by gamma irradiation in the presence of pentaerythritol triacrylate. Biomacromolecules 11 (10), 2692–2699. doi:10.1021/bm1007234
 Bat, E., Plantinga, J. A., Harmsen, M. C., van Luyn, M. J. A., Feijen, J., and Grijpma, D. W. (2010a). In vivo behavior of trimethylene carbonate and ε-caprolactone-based (co)polymer networks: degradation and tissue response. J. Biomed. Mater. Res. Part A 95 (3), 940–949. doi:10.1002/jbm.a.32921
 Bat, E., Van Kooten, T. G., Feijen, J., and Grijpma, D. W. (2009). Macrophage-mediated erosion of gamma irradiated poly(trimethylene carbonate) films. Biomaterials 30 (22), 3652–3661. doi:10.1016/j.biomaterials.2009.03.033
 Brossier, T., Volpi, G., Vasquez-Villegas, J., Petitjean, N., Guillaume, O., Lapinte, V., et al. (2021). Photoprintable gelatin-graft-poly(trimethylene carbonate) by stereolithography for tissue engineering applications. Biomacromolecules 22 (9), 3873–3883. doi:10.1021/acs.biomac.1c00687
 Fang, H., Jiang, F., Wu, Q., Ding, Y., and Wang, Z. (2014). Supertough polylactide materials prepared through in situ reactive blending with PEG-based diacrylate monomer. ACS Appl. Mater Interfaces 6 (16), 13552–13563. doi:10.1021/am502735q
 Fukushima, K. (2016). Poly(trimethylene carbonate)-based polymers engineered for biodegradable functional biomaterials. Biomater. Sci. 4 (1), 9–24. doi:10.1039/c5bm00123d
 He, J., Lin, Z., Hu, X., Xing, L., Liang, G., Chen, D., et al. (2021). Biocompatible and biodegradable scaffold based on polytrimethylene carbonate-tricalcium phosphate microspheres for tissue engineering. Colloids Surfaces B Biointerfaces 204, 111808. doi:10.1016/j.colsurfb.2021.111808
 Hou, Z., Chen, S., Hu, W., Guo, J., Li, P., Hu, J., et al. (2022). Long-term in vivo degradation behavior of poly(trimethylene carbonate-co-2, 2′-dimethyltrimethylene carbonate). Eur. Polym. J. 177, 111442. doi:10.1016/j.eurpolymj.2022.111442
 Hou, Z., Chen, S., Li, Z., Chen, Z., Hu, J., Guo, J., et al. (2021). Controllable degradation of poly (trimethylene carbonate) via self-blending with different molecular weights. Polym. Degrad. Stab. 189, 109596. doi:10.1016/j.polymdegradstab.2021.109596
 Hou, Z., Hu, J., Li, J., Zhang, W., Li, M., Guo, J., et al. (2017). The in vitro enzymatic degradation of cross-linked poly(trimethylene carbonate) networks. Polymers 9 (11), 605. doi:10.3390/polym9110605
 Hou, Z., Li, P., Guo, J., Wang, J., Hu, J., and Yang, L., (2020). The effect of molecular weight on thermal properties and degradation behavior of copolymers based on TMC and DTC[J]. Polym. Degrad. Stab. 175. doi:10.1016/j.polymdegradstab.2020.109128
 Hou, Z., Xu, W., Chen, S., Guo, J., Li, P., Hu, J., et al. (2023). Biodegradable implants based on photo-cross-linked aliphatic polycarbonates for long-acting contraception. J. Mater. Sci. Technol. 156, 129–141. doi:10.1016/j.jmst.2023.01.040
 Hou, Z., Zhang, W., Guo, J., Chen, Z., Hu, J., and Yang, L. (2019). The in vitro enzymatic degradation of poly(trimethylene carbonate-co-2, 2′-dimethyltrimethylene carbonate). Eur. Polym. J. 112, 51–59. doi:10.1016/j.eurpolymj.2018.12.027
 Jozwiakowska, J., Wach, R. A., Rokita, B., Ulanski, P., Nalawade, S. P., Grijpma, D. W., et al. (2011). Influence of electron beam irradiation on physicochemical properties of poly(trimethylene carbonate). Polym. Degrad. Stab. 96 (8), 1430–1437. doi:10.1016/j.polymdegradstab.2011.05.010
 Kedzierska, M., Jamrozy, M., Drabczyk, A., Kudłacik-Kramarczyk, S., Bańkosz, M., Gruca, M., et al. (2022). Analysis of the influence of both the average molecular weight and the content of crosslinking agent on physicochemical properties of PVP-based hydrogels developed as innovative dressings. Int. J. Mol. Sci. 23 (19), 11618. doi:10.3390/ijms231911618
 Li, X., Chen, H., Xie, S., Wang, N., Wu, S., Duan, Y., et al. (2020). Fabrication of photo-crosslinkable poly(trimethylene carbonate)/polycaprolactone nanofibrous scaffolds for tendon regeneration. Int. J. Nanomedicine 15, 6373–6383. doi:10.2147/ijn.s246966
 Liu, X., Liu, S., Feng, S., Li, K., Fan, Y., Wang, X., et al. (2021a). Biodegradable cross-linked poly(1,3-trimethylene carbonate) networks formed by gamma irradiation under vacuum. Polym. Adv. Technol. 32 (11), 4373–4385. doi:10.1002/pat.5439
 Liu, X., Liu, S., Li, K., Fan, Y., Feng, S., Peng, L., et al. (2021c). Preparation and property evaluation of biodegradable elastomeric PTMC/PLCL networks used as ureteral stents. Colloids Surfaces A Physicochem. Eng. Aspects 630, 127550. doi:10.1016/j.colsurfa.2021.127550
 Liu, X., Liu, S., Li, K., Feng, S., Fan, Y., Peng, L., et al. (2021b). Preparation and degradation characteristics of biodegradable elastic poly (1,3-trimethylene carbonate) network. Polym. Degrad. Stab. 193, 109718. doi:10.1016/j.polymdegradstab.2021.109718
 Mohajeri, S., Chen, F., de Prinse, M., Phung, T., Burke-Kleinman, J., Maurice, D. H., et al. (2020). Liquid degradable poly(trimethylene-carbonate-co-5-hydroxy-trimethylene carbonate): an injectable drug delivery vehicle for acid-sensitive drugs. Mol. Pharm. 17 (4), 1363–1376. doi:10.1021/acs.molpharmaceut.0c00064
 Qin, X., He, R., Chen, H., Fu, D., Peng, Y., Meng, S., et al. (2021). Methacrylated pullulan/polyethylene (glycol) diacrylate composite hydrogel for cartilage tissue engineering. J. Biomater. Sci. Polym. Ed. 32 (8), 1057–1071. doi:10.1080/09205063.2021.1899888
 Rongen, J. J., van Bochove, B., Hannink, G., Grijpma, D. W., and Buma, P. (2016). Degradation behavior of, and tissue response to photo-crosslinked poly(trimethylene carbonate) networks: tissue response to photo-crosslinked poly(trimethylene carbonate) networks. J. Biomed. Mater. Res. Part A 104 (11), 2823–2832. doi:10.1002/jbm.a.35826
 Soriente, A., Amodio, S. P., Fasolino, I., Raucci, M. G., Demitri, C., Engel, E., et al. (2021). Chitosan/PEGDA based scaffolds as bioinspired materials to control in vitro angiogenesis. Mater. Sci. Eng. C 118, 111420. doi:10.1016/j.msec.2020.111420
 Wang, Y., Xi, L., Zhang, B., Zhu, Q., Su, F., Jelonek, K., et al. (2020). Bioresorbable hydrogels prepared by photo-initiated crosslinking of diacrylated PTMC-PEG-PTMC triblock copolymers as potential carrier of antitumor drugs. Saudi Pharm. J. 28 (3), 290–299. doi:10.1016/j.jsps.2020.01.008
 Warr, C., Valdoz, J. C., Bickham, B. P., Knight, C. J., Franks, N. A., Chartrand, N., et al. (2020). Biocompatible PEGDA resin for 3D printing. ACS Appl. bio Mater. 3 (4), 2239–2244. doi:10.1021/acsabm.0c00055
 Yang, C., Zhou, M., Lin, Y., Cheng, C., Cheng, F., Liu, W., et al. (2019). Super-tough poly (l-lactide) materials: reactive blending with maleic anhydride grafted starch and poly (ethylene glycol) diacrylate. Int. J. Biol. Macromol. 136, 1069–1075. doi:10.1016/j.ijbiomac.2019.06.141
 Yang, L., Li, J., Jin, Y., Zhang, J., Li, M., and Gu, Z. (2014b). Highly efficient cross-linking of poly(trimethylene carbonate) via bis(trimethylene carbonate) or bis(ε-caprolactone). Polymer 55 (26), 6686–6695. doi:10.1016/j.polymer.2014.10.072
 Yang, L., Li, J., Li, M., and Gu, Z. (2016). The in vitro and in vivo degradation of cross-linked poly(trimethylene carbonate)-based networks. Polymers 8 (4), 151. doi:10.3390/polym8040151
 Yang, L., Li, J., Meng, S., Jin, Y., Zhang, J., Li, M., et al. (2014a). The in vitro and in vivo degradation behavior of poly (trimethylene carbonate-co-ε-caprolactone) implants. Polymer 55 (20), 5111–5124. doi:10.1016/j.polymer.2014.08.027
 Yang, L., Li, J., Zhang, W., Jin, Y., Zhang, J., Liu, Y., et al. (2015). The degradation of poly(trimethylene carbonate) implants: the role of molecular weight and enzymes. Polym. Degrad. Stab. 122, 77–87. doi:10.1016/j.polymdegradstab.2015.10.016
 Yang, L-Q., He, B., Meng, S., Zhang, J. Z., Li, M., Guo, J., et al. (2013). Biodegradable cross-linked poly(trimethylene carbonate) networks for implant applications: synthesis and properties. Polymer 54 (11), 2668–2675. doi:10.1016/j.polymer.2013.03.059
 Zant, E., and Grijpma, D. W. (2016). Tough biodegradable mixed-macromer networks and hydrogels by photo-crosslinking in solution. Acta biomater. 31, 80–88. doi:10.1016/j.actbio.2015.12.014
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Li, Lin, Wang, Lu, Sui, Ni, Guo, Jiang, Yang and Cui. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbioe-11-1253221-t001.jpg
PTMC(g) PEGDA(g)

|
N, 15 | 03 00075
Ny 15 ‘ 06 00075
N, 15 ‘ 09 00075
Ny 0 | 06 00075






OPS/xhtml/nav.xhtml
Contents

		Cover

		In vitro enzymatic degradation of the PTMC/cross-linked PEGDA blends		1 Introduction

		2 Materials and methods		2.1 Materials

		2.2 Measurements

		2.3 PTMC synthesis

		2.4 Preparation of PTMC/cross-linked PEGDA blends

		2.5 Gel fraction and swelling degree

		2.6 In vitro enzymatic degradation





		3 Results and discussion		3.1 Preparation of PTMC/cross-linked PEGDA blends

		3.2 Structural characterization

		3.3 Gel fraction and swelling degree

		3.4 Thermal properties

		3.5 Hydrophilicity of PTMC/cross-linked PEGDA blends

		3.6 In vitro enzymatic degradation of PTMC/cross-linked PEGDA blends films





		4 Conclusion

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/fbioe-11-1253221-g012.gif
CHENERERH






OPS/images/fbioe-11-1253221-t003.jpg
od 4d 8d 12d 16d 20d
Tg ('C) 216 ‘ 218 231 249 265 ‘ 276 ‘

Td (') 263.6 l 237.3 2246 2205 2192 ‘ 163 ‘






OPS/images/fbioe-11-1253221-t002.jpg
Tg ('C) -166 199 216 236 =272 ‘

Td ('C) 2395 263.6 264.4 2654 329.9 ‘






OPS/images/fbioe-11-1253221-g011.gif
—~—

L T T Y
Desraation T






OPS/images/fbioe-11-1253221-g010.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





OPS/images/fbioe-11-1253221-g005.gif





OPS/images/fbioe-11-1253221-g006.gif





OPS/images/fbioe-11-1253221-g003.gif





OPS/images/fbioe-11-1253221-g004.gif
B i TR ... S






OPS/images/fbioe-11-1253221-g009.gif
s

srice:

]

sarices
Pt






OPS/images/fbioe-11-1253221-g007.gif
T,






OPS/images/fbioe-11-1253221-g008.gif





OPS/images/cover.jpg
& frontiers | Frontiers in Bioengineering and Biotechnology






OPS/images/fbioe-11-1253221-g001.gif





OPS/images/math_5.gif
e~ Wa
W,

water uptake (%) x100 ©





OPS/images/fbioe-11-1253221-g002.gif
A - PO &





OPS/images/math_6.gif





OPS/images/math_2.gif
SR (%)

®





OPS/images/math_1.gif
)





OPS/images/math_4.gif
Lossin thickness (%) =

@





OPS/images/math_3.gif
Mass loss (%) = ©)





