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ABSTRACT

Nerve guide conduits using as temporary scaffold in peripheral nerve repair have
many advantages. However, clinical trials have shown that the use of nerve guide
conduits is often inferior to that of autografts, particularly over long lesion gaps.
Recently, there have been significant advances in the designs of nerve conduits in terms
of molecular design, synthesis and fabrication. The main objective of this work has been
to synthesis, characterization, fabrication and biocompatibility study of poly(L-lactide-
co-¢-caprolactone) blended with collagen (PLCL-Col) and polyhydroxybutyrate (PLCL-
PHB) electrospun membranes which support cells for enhancing nerve regeneration.
Electrospinning has been used to produce nanofibrous scaffolds that stimulate the
extracellular matrix and support cell attachment for the potential repair and engineering

of nerve tissue.

Electrospun copolymer of L-lactide and &-caprolactone (67:33 mol%) resulted in
a nanofibrous scaffold with average fibre diameter and pore size of 476 + 88 and 253 +
17 nm, respectively. Blending with low loadings of collagen (< 2.5% w/w) significantly
reduced the average diameter and pore size. The uniformity of fibre diameter
distributions was supported with increasing collagen loadings. The nanofibrous

scaffolds significantly promoted the attachment and proliferation of olfactory



ensheathing cells compared to cells exhibiting asynchronous growth. Furthermore,
analysis of cell health through mitochondrial activity, membrane leakage, cell cycle
progression and apoptotic indices showed that the nanofibrous membranes promoted
cell vigour, reducing necrosis. The study suggests that the use of more cost-effective,
low loadings of collagen supports morphological changes in electrospun poly(L-lactide-
co-e-caprolactone) (PLCL) nanofibrous scaffolds, which also support attachment and
proliferation of olfactory ensheathing cells while promoting cell health. The results here
support further investigation of the electrospinning of these polymer blends as conduits
for nerve repair. The fibrous membranes of polyhydroxybutyrate (PHB) with various
loadings of PLCL were also successfully prepared by electrospinning. In comparison to
PLCL scaffolds, its blends with PHB exhibited more irregular fibre diameter
distributions, higher average fibre diameters but no significant differences in pore size.
PLCL-PHB scaffolds were more hydrophilic (< 120°) with significantly reduced tensile
strength (ca. 1 MPa) compared PLCL scaffolds (150.9 + 2.8 °, 5.8 £ 0.5 MPa).
Increasing PLCL loading in PHB scaffolds significantly increased the extension at
break, (4 - 6 fold). PLCL-PHB scaffolds supported greater adhesion and proliferation of
Olfactory Ensheathing Cells (OECs) than those exhibiting asynchronous growth on
culture plates. Mitochondrial activity of cells cultivated on the electrospun blended
membranes was enhanced compared to those grown on PLCL and PHB scaffolds (212,
179 and 153 % respectively).  Analysis showed that PLCL-PHB nanofibrous
membranes promoted cell cycle progression and reduced the onset of necrosis. Thus,
electrospun PLCL/PHB composites promoted adhesion and proliferation of OECs when
compared to its individual PLCL and PHB components suggesting potential in the
repair and engineering of nerve tissue. On the basis of these results, it is concluded that
these electrospun blended have considerable potential using as temporary scaffold for

nerve regeneration.

For in vivo testing by doctor at Faculty of Medicine Chiang Mai University, total
of 20 male Wistar rats were divided into 2 groups of 10 and each group subjected to a
different nerve repair procedure for evaluation of nerve regeneration after
reconstruction. The 2 procedures involved the use of: Group 1. porous electrospun

PLCL-Col conduit, Group 2: porous electrospun PLCL conduit. These 2 procedures

h



were used to repair 7 mm long segmentary tibial nerve lesions in rats. Evaluation of
nerve regeneration was compared in terms of the tibial functional index (TFI), nerve
conduction velocity (NCV), gastrocnemius muscle weight (GMW) and a
histomorphometric study. There was evidence of nerve regeneration across the gap
from the histomorphologic study. Our results clearly showed that there are reinnervation
and return of function in both groups. Unfortunately every measurement is unable to
show any superiority of nerve regeneration in collagen adding with polymer in this
model. This may address the unnecessary collagen component of conduit wall. This
may also cause by short 7 mm distance gap, which is not critical enough to stretch the
different between both groups. Further property improvements need to be made before

absorbable nerve guides can gain acceptance for clinical usage in Thailand.



