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| Abstract |

Background and Aim: Bioactive glass has emerged as a novel innovation in materials science, offering

extensive potential in biomedical applications. Due to its unique physicochemical and biological properties,

it has become a prominent candidate in regenerative medicine. One of the remarkable features of bioactive

glass is its intrinsic antimicrobial activity. In this study, cobalt ions were incorporated into a three-layer IKeywords |
electrospun scaffold to enhance its antibacterial performance.
Three-Layer Scaffold|
Materials and Methods: The scaffold was fabricated using a combination of polyurethane, polycaprolactone, Cobalt-Doped Bicactive
and collagen, blended with cobalt-doped bioactive glass. The scaffold was produced in a three-layered | Glass|

structure through electrospinning. Its structural and biological properties were analyzed using scanning bunilozgezil

electron microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), and cell adhesion assays. | T Science |

Antibacterial assessments were conducted using four bacterial strains, including both Gram-positive and
Gram-negative species.

Results: The antibacterial evaluation conducted 24 hours post-bacterial seeding revealed that the fabricated
scaffold effectively inhibited bacterial growth around the scaffold area. The results confirmed the scaffold's
favorable antibacterial performance.

Conclusion: The findings of this study demonstrated that the incorporation of cobalt-containing bioactive
glass into the designed scaffold significantly enhanced fibroblast cell proliferation and viability, while also
exerting strong antibacterial effects. Therefore, this scaffold holds great potential as a promising candidate

for tissue engineering applications in the repair of damaged tissues.
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| Extended Abstract

Bioactive glasses have attracted considerable attention in tissue engineering due to their excellent
biocompatibility, bioactivity, and antibacterial properties. This study aimed to fabricate and
evaluate a three-layer nanofibrous scaffold containing cobalt-doped bioactive glass nanoparticles
for potential wound-healing applications. The scaffold was composed of polyurethane (PU),
polycaprolactone (PCL), and collagen and was fabricated using the electrospinning technique to
mimic the structure of the natural extracellular matrix. The physicochemical properties of the
fabricated scaffolds were characterized using Fourier-transform infrared spectroscopy (FTIR) and
scanning electron microscopy (SEM). FTIR analysis confirmed the successful incorporation of
the scaffold components and the formation of appropriate chemical interactions among them. SEM
images revealed a porous nanofibrous structure favorable for cell attachment and proliferation.
The biological performance of the scaffolds was evaluated using L929 fibroblast cells. The results
demonstrated that the incorporation of cobalt-doped bioactive glass significantly enhanced cell
adhesion, spreading, and proliferation compared with the control groups. Furthermore, the
presence of collagen improved cell-scaffold interactions and provided a suitable
microenvironment for tissue regeneration. The antibacterial activity of the scaffolds was evaluated
against Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus
aureus. Scaffolds containing cobalt-doped bioactive glass exhibited stronger antibacterial activity
and larger inhibition zones than both the control and non-doped scaffolds. This effect was
particularly noticeable against Gram-negative bacteria. Overall, the findings indicate that the
incorporation of cobalt-doped bioactive glass nanoparticles into a three-layer nanofibrous scaffold
significantly enhances both biological and antibacterial performance. Therefore, the developed
scaffold may serve as a promising candidate for skin tissue engineering, wound healing, and the
treatment of chronic and infected wounds.

| Keywords

Cobalt-Doped Bioactive Glass; Three-Layer Nanofibrous Scaffold; Electrospinning; Tissue Engineering;
Antibacterial Activity; Wound Healing



1180 slams | 1Y 83k 1718385 | (J90908 Jobo (5599955 g (S0 36 AoLidadd

1. Hench, L.L. (1991). Bioceramics: From Concept to
Clinic. Journal of the American Ceramic Society, 74,
1487-1510.

2. Zeng, Q., Han, Y., Li, H., & Chang, J. (2015).
Design of a thermosensitive bioglass/agarose-alginate
composite hydrogel for chronic wound healing.
Journal of Materials Chemistry B, 3, 8856-8864.

3. Wu, C., Luo, Y., Cuniberti, G., Xiao, Y., &
Gelinsky, M. (2011). 3D printing of bioactive glass
scaffolds. Acta Biomaterialia, 7, 2644-2650.

4. Gao, W, Jin, W., Li, Y., et al. (2017). Nanofibrous
system promotes diabetic wound healing. Journal of
Materials Chemistry B, 5, 7285—7296.

5. Hu, S., Chang, J., Liu, M., & Ning, C. (2009). Study
on antibacterial effect of 4555 Bioglass. Journal of
Materials Science: Materials in Medicine, 20(1), 281—
286.

6. Wu, C., Zhou, Y., Fan, W, et al. (2012). Hypoxia-
mimicking mesoporous BG scaffolds. Biomaterials,
33,2076-2085.

7. Mehrabi, T., et al. (2020). Bioactive glasses: ion
release for wound healing. ACS Biomaterials Science
& Engineering, 6, 5399-5430.

8. Huang, Z., et al. (2022). Cobalt-loaded nanofibers
in diabetic wound healing. Biomaterials, 291, 121901.
9. Wu, C, et al. (2012). Hypoxia-mimicking
mesoporous bioactive glass scaffolds. Biomaterials,
33(7), 2076-2085.

10. Sionkowska, A., et al. (2010). Cross-linking of
collagen and elastin hydrolysates. International
Journal of Biological Macromolecules, 47(4), 570-
577.

11. Huang, Z., et al. (2022). Cobalt-loaded nanofibers
promote wound healing. Biomaterials, 291, 121901.
12. Khatri, Z., et al. (2016). Cell adhesion of PCL/PLA
nanofibers. Materials Letters, 171, 178-181.

13. Goodarzi, H., et al. (2019). Cross-linked collagen-
gelatin hydrogel for corneal tissue. International
Journal of Biological Macromolecules, 126, 620-632.
14. de Laia, A.G.S., et al. (2020). Cobalt ion in
PV A/bioactive glass scaffolds. Journal of Materials
Science, 55, 8710-8727.

15 Wu, J, et al. (2017). Cobalt chloride upregulates
HIF-la in diabetic wound repair. Frontiers in
Physiology, 8, 395.

16. Shi, Q., et al. (2019). Cobalt-mediated dressings
for infected wounds. Acta Biomaterialia, 92, 60-75.
17. Mehrabi, T., et al. (2020). Bioactive glasses in
wound healing. ACS Biomaterials Science &
Engineering, 6, 5399-5430.

18. Goodarzi, H., et al. (2019). Collagen-gelatin
hydrogel using EDC/NHS. International Journal of
Biological Macromolecules, 126, 620—632.

19. de Laia, A.G.S., et al. (2020). Cobalt ion in
bioactive glass scaffolds. Journal of Materials
Science, 55, 8710-8727.

20. Dezaki, Z.H., Parivar, K., Goodarzi, V., & Nourani,
M.R. (2024). Cobalt/Bioglass Nanoparticles Enhanced
Dermal Regeneration in a 3-Layered Electrospun
Scaffold. Advanced Pharmaceutical Bulletin.

1\

&b |

21. Matveev S, Portnyagin M, Ballhaus C, Brooker R,
Geiger CA. FTIR spectrum of phenocryst olivine as
an indicator of silica saturation in magmas. J Petrol
2004;46(3):603-14.

22. Akkas SB, Severcan M, Yilmaz O, Severcan F.
Effects of lipoic acid supplementation on rat brain
tissue: an FTIR spectroscopic and neural network
study. Food Chem 2007;105(3):1281-8.

23. Trovati G, Sanches EA, Neto SC, Mascarenhas
YP, Chierice GO. Characterization of polyurethane
resins by FTIR, TGA, and XRD. J Appl Polym Sci
2010;115(1):263-8

24. Elzein T, Nasser-Eddine M, Delaite C, Bistac S,
Dumas P. FTIR study of polycaprolactone chain
organization at interfaces. J Colloid Interface Sci
2004;273(2):381-7.

25. Sionkowska A, Skopinska-Wisniewska J, Gawron
M, Kozlowska J, Planecka A. Chemical and thermal
cross-linking of collagen and elastin hydrolysates. Int
J Biol Macromol 2010;47(4):570-7.

26. Goodarzi H, Jadidi K, Pourmotabed S, Sharifi E,
Aghamollaei H. Preparation and in vitro
characterization of cross-linked collagen-gelatin
hydrogel using EDC/NHS for corneal tissue
engineering applications. Int J Biol Macromol
2019;126:620- 32.

27. Vicente-Rodriguez MA, Suarez M, Baifiares-
Muiioz MA, de Dios Lopez-Gonzalez J. Comparative
FT-IR study of the removal of octahedral cations and
structural modifications during acid treatment of
several silicates. Spectrochim Acta A Mol Biomol
Spectrosc 1996;52(13):1685-94.

28. Xu B, Hirsch A, Kronik L, Poduska KM.
Vibrational properties of isotopically enriched
materials: the case of calcitee. RSC Adv
2018;8(59):33985-92.

29 Matrajt G, Borg J, Raynal PI, Djouadi Z,
d’Hendecourt L, Flynn G, et al. FTIR and Raman
analyses of the Tagish Lake meteorite: relationship
with the aliphatic hydrocarbons observed in the
diffuse interstellar medium. Astron Astrophys
2004;416(3):983-90.

30. Vyas VK, Kumar AS, Prasad S, Singh SP, Pyare
RAM. Bioactivity and mechanical behaviour of cobalt
oxide-doped Dbioactive glass. Bull Mater Sci
2015;38(4):957-64.

31. Alarifi S, Ali D, Al-Bishri W. In vitro apoptotic
and DNA damaging potential of nanobarium oxide.
Int J Nanomedicine 2016;11:249-57.

32. Khatri Z, Jatoi AW, Ahmed F, Kim IS. Cell
adhesion behavior ofpoly(ecaprolactone)/poly(L-
lactic acid) nanofibers scaffold. Mater Lett
2016;171:178-81.

33. Aldemir Dikici B, Dikici S, Karaman O, Oflaz H.
The effect of zinc oxide doping on mechanical and
biological properties of 3D printed calcium sulfate-
based scaffolds. Biocybern Biomed Eng
2017;37(4):733-41. .



[1£+0 (Ol5lon 9 (738 hodd |

34. Zhang, X., et al. (2022). "A review on cobalt-
doped bioactive glasses for tissue engineering."
Materials Science and Engineering C, 122, 111893.
35. Li, J., et al. (2020). "PCL-based scaffolds for skin
tissue engineering." Journal of Biomaterials
Applications, 35(5), 561-570.

36. Lee, K., et al. (2021). "Collagen scaffold for
cellular interaction in tissue engineering." Advanced
Functional Materials, 31(4), 2006507.

37.Sun, Y., et al. (2021). "Effect of bioactive glass on
cell proliferation and differentiation." International
Journal of Nanomedicine, 16, 3569-3579.

38. Liu, Y., et al. (2020). "Antibacterial properties of
cobalt-doped bioactive glass." Journal of Applied
Biomaterials & Functional Materials, 18(2), 1-7.

39. Carbone, F., et al. (2018). "Silver-doped bioactive
glasses: Effects on bacterial growth and cell
behavior." Journal of Materials Science: Materials in
Medicine, 29(9), 115.

40. Franco, C., et al. (2019). "The antibacterial
behavior of cobalt-doped glasses." Journal of Non-
Crystalline Solids, 510, 87-93.

41. Singh, A., et al. (2018). "Comparison of
antibacterial effects of bioactive glass doped with
silver and cobalt." Journal of Biomedical Materials
Research Part B: Applied Biomaterials, 106(4), 1361-
1372.

42. Huang, J., et al. (2021). "The role of cobalt in
bioactive glass for tissue repair and antibacterial
applications." Acta Biomaterialia, 120, 296-308.

A\l



	اگرچه تاکنون مطالعه‌های متعددی به بررسیِ شیشه‌های زیستیِ دوپ‌شده با یون‌های مختلف پرداخته‌اند، اما بیشتر این پژوهش‌ها محدود به کاربرد در استخوان و دندان بوده و کاربردِ آن‌ها در بازسازیِ بافت‌های نرم مانند پوست کمتر موردبررسی قرار گرفته است. از سوی دیگ...
	به‌طور خاص، در زخم‌های دیابتی یا زخم‌های دارای عفونتِ ثانویه، استفاده از داربست‌های زیست‌فعال حاوی یون‌های کبالت می‌تواند هم‌زمان چند هدف را دنبال کند: کاهشِ بار باکتریایی، تحریکِ آنژیوژنز، تقویتِ فعالیتِ فیبروبلاست‌ها و بهبودِ ساختارِ ECM (17). از سو...
	2| مواد و روش‌ها
	افزون‌بر این، کشش‌های N–H و C=O در ساختارِ شیمیاییِ PU منجر به تشکیلِ پیک‌هایی در نواحیِcm-1 1570 وcm-1  1608شدند. همچنین، اتصالِ عرضیِ کُلاژن موجبِ محدودسازیِ حرکتِ زنجیره‌های پروتئینیِ آن شده و در نتیجه تواناییِ پیوندِ آن با سایرِ اجزا مانندِ PU کاه...
	4| بحث


