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Abstract:  
A hollow bioresorbable phosphate glass fiber was developed and used for drug and light delivery. 

The interaction between organic molecules and the fiber’s internal surface was studied. Promising 

results for the release of Rose Bengal were obtained. 
OCIS codes: (160.1435) Biomaterials; (160.2290) Fiber materials; (70.5180) Photodynamic therapy. 

 

1. Introduction  

Photodynamic Therapy (PDT) has been widely studied in the past decade as an effective method to treat 

malignancies. Initially, this procedure involves the binding of a selective photosensitizer to cancer cells. 

Subsequently, excitation with appropriate light source activates the photochemical agent, resulting in cancerous cells 

death. Despite PDT has been approved for clinical practice and it is currently used for the treatment of some 

diseases, its application is not yet widespread [1]. Some limitations prevent the use of PDT in deep-tissues; 

especially the poor transparency of biological tissues makes it difficult to reach the interested sites with a suitable 

amount of light. Side effects due to systemic drug administration, such as induced toxicity upon exposure to natural 

light, are also a limiting factor to the use of some PDT protocols. Therefore, local delivery of photosensitizers is 

highly desirable. 

In order to develop a minimally invasive device, aimed for the parallel delivery of a photosensitizer and an 

adequate light source, our research group has been developing a hollow resorbable fiber based on an optically 

transparent, water soluble, biocompatible Calcium-Phosphate Glass (CPG) [2,3]. CPG-based compositions proved to 

be suitable for the fabrication of optical fibers and hollow fibers, showing enhanced optical properties compared to 

polymeric materials [4,5,6]. 

In this work, we present and discuss the results on the release mechanisms of molecular drugs (Theophylline, 

Procaine, Salicylic Acid, Caffeine) having different chemical-physical profiles. The drug release kinetics have been 

correlated with the interaction between the ionized molecule and the internal glass surface of the hollow fiber. 

These results were useful to assess the behavior of the fiber’s internal surface and pave the way towards 

controlled release of more complex molecules, such as photosensitive drugs for PDT. Further research is ongoing in 

this direction. We will present preliminary results obtained on the controlled release of Rose Bengal and Methylene 

Blue upon different local and surface conditions and hollow fiber processing. 

2.  Experiments and results 

The phosphate glass used in this work was synthesized according to a previously developed procedure [3]. The 

hollow fiber was fabricated by drawing a tube-shaped 12 mm outer diameter preform, obtained by rotational casting. 

This technique enabled the fabrication of about 150 m of fiber, with external and internal diameters of 220 and 110 

µm, respectively. Optical microscopy analysis on different hollow fiber sections revealed a good quality of the 

material with constant outer (± 3 µm) and inner (± 6 µm) diameters. A typical picture of the cross-section of the 

hollow fiber, is depicted in Fig. 1a. IR camera observations were used to evaluate the light guiding in the fiber. The 

IR pictures acquired on the fiber tips, confirmed the guiding of the light in the wall of the hollow fiber along a length 

of 60 cm, due to total internal reflection (Fig. 1b). A dissolution test in Phosphate Buffered Saline solution (PBS, pH 

= 7.4, T = 37 °C) was carried out on 1.5 cm-long sections of the hollow fiber. The results confirmed the solubility of 

the glass in aqueous media, as the hollow fiber underwent complete dissolution within 21 days with a maximum pH 

reduction of 0.3 throughout the test. 

A set of release tests were performed with Procaine, Salicylic Acid, Caffeine and Theophylline, to investigate the 

interaction between the glass surface and the molecules in cationic, anionic, and neutral state, at physiological pH. 
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We filled 2 cm-long sections of the hollow fibers by dipping them for few seconds into a solution of PBS and the 

selected drug (20 mM). The drug release was monitored in clean PBS by UV-Visible (UV-Vis) spectroscopy. The 

absorbance of the characteristic peaks of the drugs in the 200 – 300 nm region was measured every three minutes 

until complete release. The concentration of the released drug was finally obtained by interpolating the appropriate 

calibration curve [5]. The same procedure was repeated using a solution of Methylene Blue (2 mM) in PBS and a 

solution of Rose Bengal (9.4 mM) in ethanol.  

The time evolution of the drug release revealed the occurrence of an interaction between the glass inner surface 

and the investigated molecules, especially in the presence of molecules at the ionic state in physiological conditions 

(Salicylic Acid and Procaine). These drugs appeared to interact with the surface of the glass by hydrogen bonding or 

dipole interaction, therefore withholding more than neutral molecules [5]. The release experiments showed also a 

strong interaction between the Methylene Blue and the glass surface, leading in this case to an incomplete release of 

the drug. 

The analyses on the release of Rose Bengal exhibited a constant release kinetics and a complete release within 

15 min (Fig. 1c). The released drug diffused homogeneously in clean PBS and its concentration could be easily 

measured (Fig. 1d). Intensive studies are currently ongoing and the dispersion of the measurements is under 

evaluation. The results will be presented at the Conference. 

 

 

 
 

Fig. 1. (a) Optical microscope micrograph of the hollow fiber cross-section. (b) IR picture of the cleaved fiber tip, showing 1300 nm wavelength 

light being guided in the fiber’s wall. (c) Typical release pattern of a sample of hollow fiber filled with Rose Bengal in PBS. (d)  Capillary filled 
with Rose Bengal immersed in clean PBS for the release test. 
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Resorbable and optically transparent materials can enable the development of novel minimally invasive solutions for 

photo-induced therapies, e.g., photodynamic and photo-thermal therapies. In this work, the combined delivery of a 

photosensitive dye and the correspondent light excitation source, was demonstrated within the same device. The 

developed device consisted of a resorbable calcium phosphate glass hollow fiber. Additionally, the interaction 

mechanism between the inner surface of the fiber and the investigated molecules has been studied with the aim of 

optimizing their release kinetics. Further developments can be achieved improving the design of the fiber section. 

More complex hollow fiber designs can potentially improve the control of drug delivery and light guiding, limiting 

the device’s optical losses. 

 

5. References 

[1] A. R. Azzouzi, S. Vincendeau, E. Barret, A. Cicco, F. Kleinclauss, H. G. van der Poel, C. G. Stief, J. Rassweiler, G. Salomon, E. Solsona, A. 

Alcaraz, T. T. Tammela, D. J. Rosario, F. Gomez-Veiga, G. Ahlgren, F. Benzaghou, B. Gaillac, B. Amzal, F. M. J. Debruyne, G. Fromont, C. 

Gratzke, and M. Emberton, “Padeliporfin vascular-targeted photodynamic therapy versus active surveillance in men with low-risk prostate cancer 
(CLIN1001 PCM301): an open-label, phase 3, randomised controlled trial,” Lancet Oncol. In press, doi: 10.1016/S1470-2045(16)30661-1  

(2016).  

 
[2] J. Burnie, T. Gilchrist, S. R. I. Duff, C. F. Drake, N. G. L. Harding, and A. J. Malcolm, “Controlled release glasses (C.R.G.) for biomedical 

uses,” Biomaterials 2, 244–246 (1981). 

 
[3] A. G. Dias, M. A. Lopes, J. D. Santos, A. Afonso, K. Tsuru, A. Osaka, S. Hayakawa, S. Takashima, and Y. Kurabayashi, “In vivo 

performance of biodegradable calcium phosphate glass ceramics using the rabbit model: histological and SEM observation,” J. Biomater. 

Appl. 20, 253–266 (2006). 
 

[4] E. Ceci-Ginistrelli, D. Pugliese, N. G. Boetti, G. Novajra, A. Ambrosone, J. Lousteau, C. Vitale-Brovarone, S. Abrate, and D. Milanese, 

“Novel biocompatible and resorbable UV-transparent phosphate glass based optical fiber,” Opt. Mater. Express 6, 2040-2051 (2016). 
 

[5] E. Ceci-Ginistrelli, C. Pontremoli, D. Pugliese, N. Barbero, N. G. Boetti, C. Barolo, S. Visentin, and D. Milanese, “Drug release kinetics from 

biodegradable UV-transparent hollow calcium-phosphate glass fibers,” Mater. Lett. In press, doi: 10.1016/j.matlet.2016.12.103. 

[6] S. Nizamoglu, M. C. Gather, M. Humar, M. Choi, S. Kim, K. S. Kim, S. K. Hahn, G. Scarcelli, M. Randolph, R. W. Redmond, and S. H. Yun, 

“Bioabsorbable polymer optical waveguides for deep-tissue photomedicine,” Nat. Commun. 7, 10374 (2016). 

 

4.  Conclusions and future perspectives 

Proc. of SPIE-OSA Vol. 10413  104130G-3

Downloaded From: http://proceedings.spiedigitallibrary.org/pdfaccess.ashx?url=/data/conferences/spiep/93316/ on 08/01/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx


