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Research progress in the application of microneedles drug delivery
system in infectious wounds

WU Chao-xiong, YU Qing-yu, HUANG Chen-lu, ZHANG Lin-hua, ZHU Dun-wan’

(Institute of Biomedical Engineering, Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin
Key Laboratory of Biomedical Materials, Tianjin 300192, China)

Abstract: Wound healing caused by skin trauma and chronic diseases is often complicated and difficult due to
infection. In such cases, the wound healing process is not only a long and continuous one, but also prone to scar
repair. Conventional dressings and antibiotic treatments suffer from issues such as low drug delivery efficiency and
systemic toxicity. In recent years, microneedle technology has been widely used to reduce infection and promote
wound healing. Microneedles can not only penetrate the skin stratum corneum and biofilm to enhance drug
delivery efficiency and reduce drug side effects, but also can be combined with a variety of materials to achieve
multiple treatments and monitoring of wounds. This article will discuss the healing mechanism of infected wounds,
the classification of microneedles, and their applications in the treatment of infected wounds.
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Figure 1 Key factors in infectious wound healing. A: The role of oxygen in wound healing. Adapted from Ref.!""! with permission. Copyright
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Figure 2 Classification of microneedles. Adapted from Ref.!'” with permission. Copyright © 2021 Chinese Pharmaceutical Association

and Institute of Materia Medica, Chinese Academy of Medical Sciences. Production and hosting by Elsevier B.V.

Table 1 Microneedle types for wound healing

Microneedle . . .
type Microneedle material Drug Advantage Disadvantage Ref.
Solid Steel/polyvinylpyrrolidone Cefalexin Integrated monitoring Inaccurate dosing/ [20]
microneedle and treatment difficulty in processing
Steel Doxycycline Enhanced drug diffusing [21]
Coated ROS-degradable poly (vinyl alcohol)/ Verteporfin Programmed wound Difficulty in processing/  [22]
microneedle  crosslinked heparin healing uneven drug coating
ROS-degradable poly (vinyl alcohol)/ Hypocrellin B (HB)-cationic/ Programmed wound [23]
hyaluronic acid epidermal growth factor healing
Hollow Methacrylated polycaprolactone/heparin -~ Minocycline hydrochloride  Integrated monitoring Difficulty in processing/  [24]
microneedle  composite hydrogel and treatment possible blockage by
Resin Vascular endothelial growth  Integrated diagnosis and skin tissue [25]
factor in-time therapy
Dissolving Polyvinyl alcohol/sucrose/glycerol L. reuteri Long-acting Uncontrollable drug [26]
microneedle antibacterial effect release
Hyaluronic acid Dimethyloxalylglycine/ Synergistic chemo- [27]
meropenem/metal-organic photodynamic effects
framework
Hydrogel Silk fibroin methacryloyl/polyvinyl Curcumin/metal-organic Integrated monitoring No accurate dosing/slow  [28]
microneedle  alcohol framework and treatment release rate
N-(2-Amino-2-oxoethyl)-2-propenamide/ Chlorella/cationic poly (ionic Combined anti-bacterial [29]
3-(2-hydroxyethyl)-1-vinylimidazolium  liquid) and oxygen therapy

bromide
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Adapted from Ref.”® with permission. Copyright © 2024 Wiley-VCH GmbH
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