Engineering a core-shell electrospun fiber nerve wrap for the controlled release of FK506
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Introduction

Locally delivered FK506, an FDA-approved drug, encapsulated in biodegradable poly(lactic-co-glycolic) acid
(PLGA) microspheres and fibrin gel, enhances peripheral nerve regeneration in rats [1]. Though effective, this
process may be made more clinically feasible by reducing the number of components and manufacturing
steps. Electrospinning is a one-step process to create polymer fibrous mats with tunable properties. Co-axial
electrospinning allows a drug to be encapsulated as a core fiber within an outer layer to sustain drug release
and minimize burst release. Our aim is to control FK506 release for effective enhancement of nerve
regeneration by incorporating FK506 in core-shell electrospun polymer fibers that can be shaped and applied
as a nerve wrap to localize FK506 at the nerve repair site.

2,3,

M

E

N

T

A

1,2,3

L

H

E

A

L

T

H

Results
Aim 1.1: Electrospun PLGA fibers have appropriate morphology and flexibility for a drug
delivery nerve wrap, but shrink at 37°C, thereby limiting clinical translatability

Aim 1.2: Electrospun PCNU fibers are a thermally-stable and suitable
alternative to PLGA, and have optimized physical characteristics for
implantation as an FK506 delivery nerve wrap
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Figure 1. Proposed FK506 nerve wrap implementation.

Aim 1: to develop an FK506 delivery nerve wrap with suitable physical
properties for clinical application
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Aim 2: to develop an FK506 delivery nerve wrap that sustains bioactive
release

[4]
[5]

Aim 3: to develop a biocompatible and biodegradable FK506 delivery nerve
wrap

X ± SD (n=3)

A co-axial nozzle of two concentric 22 and 18 gauge blunt-tip needles for inner and outer shells,
respectively, was used to form core-shell fibers with an outer shell of 20 w/v% PLGA and an inner shell of
20 w/v% PLGA and 1 w/v% FK506. The fibers were compared to uniaxial electrospun fibers of the same
composition, spun with an 18-gauge needle, but with or without FK506. For comparison and
optimization, the same nozzle configuration was used to electrospin alternative core-shell fibers using an
outer shell of 20 w/v% polycarbonate urethane (PCNU) and an inner shell of 14 w/v% PCNU with 1 w/v%
FK506. Fiber diameter and porosity were determined using scanning electron microscopy. Tensile tests
were conducted to measure the dry elastic modulus and mass spectrometry was used to determine the
encapsulation efficiency and drug release profile. Separate nerve wrap samples were used for all
experiments (n=3).
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Methods

Aim 2: Core-shell PCNU fibers encapsulate and release FK506 in vitro
Encapsulation efficiency= 92 ± 14%
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Core-shell PLGAPLGA/FK506
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Significance

Inner
The PCNU core-shell nanofibers have a relatively low porosity, potentially permitting the prolongation of FK506 release and matrix degradation because less water
polymer
shell + FK506 is permitted into the pores, thereby slowing hydrolysis. The dry elastic modulus is similar to that of transected and coapted fresh rat sciatic nerve. As a result, the
fibers have potential clinical relevance to comprise a viable nerve wrap, being sufficiently strong to withstand surgical forces in even small rodents, but flexible and
Outer polymer shell
soft enough to prevent abrasion at the site of nerve repair. The high encapsulation efficiency indicates almost complete availability of the loaded FK506 to enhance
Figure 2. Co-axial electrospinning set-up for synthesis of core-shell polymer fibers for
nerve regeneration following nerve wrap implantation. Therefore, the smooth viable electrospun fibers have the potential to form nerve wraps that enhance
FK506 encapsulation. Adapted from [2].
peripheral nerve regeneration with FK506 release. Future work is being conducted to extend the FK506 release profile and quantify biocompatibility.
Outer polymer shell
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