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Abstract

We evauated peripherad nerve
regeneration using a biodegradable nerve
conduit, which was made of
genipin-crosslinked

genipin-crosslinked gelatin conduit (GGC)

gelatin. The

was dark blue in appearance, which was
concentric and round with rough outer
surface whereas its inner lumen was smooth.
After subcutaneous implantation on dorsal
side of the rat, the GGC only evoked a mild
tissue response, forming a thin tissue
capsule conduit.

Biodegradability of the GGC and its

surrounding the

effectiveness as a guidance channel were
examined as it was used to repair a 10 mm

gap in the rat sciatic nerve. As aresult, tube



fragmentation was not obvious until 6 weeks
post-implantation and successful
regeneration through the gap occurred in all
the conduits a the three experimenta
periods of 4, 6, and 8 weeks. Histological
showed  that

observation nuMerous

regenerated nerve fibers, mostly
unmyelinated and surrounded by Schwann
cells, crossed through and beyond the gap
region 6 weeks after operation. Peak
amplitude and area under the muscle action
potential curve both showed an increase as
the function of the recovery period,
indicating that the nerve had undergone
adequate regeneration. Thus, the GGC not
only can be effective aids for regenerating
nerves but also can lead to favorable nerve
functional recovery.
Z ~Md BEpm

A 10% (w/w) solution of gelatin (300
bloom number, Sigma #G2500) in distilled
water was prepared by magnetic stirring.
The gelatin-coated mandrel was then
immersed in 1% (w/w) solution of genipin
(Challenge Bioproducts Co., Taichung,
Taiwan) for 24 hr for cross-linking. To allow
fixation of the nerve tissue to the conduit,
two small holes were drilled at both ends of
the GGCs. Finally, the GGCs were sterilized
with 25 kGy of y-ray for subsequent

implantation.

Thirty adult Sprague-Dawley rats
underwent placement of GGCs, which were
removed upon sacrifice a various time
points: 4 weeks, 6 weeks, and 8 weeks. At
each implantation time, 10 rats were
operated on. Following the skin incision,
fascia and muscle groups were separated
using blunt dissection, and the right sciatic
nerve was severed into proxima and dista
segments. The proxima stump was then
secured with a single 9-0 nylon suture
through the epineurium and the outer wall of
the GGCs (1.96 mm ID). The distal stump
was secured similarly into the other end of
the chamber. Both the proximal and distal
stumps were secured to a depth of 2.5 mm
into the chamber, leaving a 10-mm gap
between the stumps. The muscle layer was
re-approximated with 4-0 chromic gut
sutures, and the skin was closed with 2-0
silk sutures. All animals were housed in
temperature (22°C) and humidity (45%)
controlled rooms with 12-hour light cycles,
and they had access to food and water ad

libitum
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GGCs were dark blue in appearance
caused by the reaction between genipin and

amino acids or proteins. SEM images of



GGCs in longitudinal section [Fig. 1(A)]
and cross section [Fig. 1(B)] showed that the
tubes were concentric and round with rough
outer surface, whereas the inner lumen was

smooth.
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Figure 1(B)

Macrographs of the GGCs at different
implantation periods are shown in Fig.
2(A)-2(B). Throughout the 8 weeks of
experimental period, no nerve dislocation
out of the GGCs was seen for all of the rats.
Brownish fibrous tissue encapsulation was
noted, covering al over the GGCs and the

parts of the nerve stumps in the tube

openings. After trimming the fibrous tissue,
cutting the wall of the tube, the regenerated
nerve was exposed and then retrieved.
Overadl gross examination of the GGCs at
the three observation time points all revealed

100% of nerve formation in the tubes.

Figure 2(A)

Figure 2(B)
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Although the ideal materia for a nerve
guide has not been identified, successful
materials must be biocompatible, which can
inhibit the proliferation of fibroblasts and
connective tissue surrounding the injured
nerve. A wide range of materials has been
developed for use as a nerve bridge, such as
biological origin, i.e., arteries and veins or
synthetic, i.e., various copolymers. Recently,
application of combining herbal medicine
and biomedical material science to nerve

regeneration is a new approach.



In addition, we also found that
genipin-fixed gelatin gel can be used as an
extracellular matrix, providing a consistent
and promoting effect on regenerating nerve.
The gelatin is essentially denatured collagen,
which has been specifically studied for use
as wound dressing, adhesive, and absorbent
pad in clinics. However, the gelatin must be
cross-linked if it is willing to be used as a
stable implant without losing its integrity.

Therefore, we selected the genipin,
which is a naturaly occurring and
low-cytotoxic crossing agent, to fix the
gelatin in the present study. Our aim was to
test if the genipin-fixed gelatin can be used
as materials to make conduits for nerve
regeneration. As a result, we found that
successful regeneration of nerves across the
gap occurred in all of the GGCs even at the
shortest experimental time point of 4 weeks.
Macroscopic observations showed that
unsatisfactory swelling or deformation of
the GGCs was not seen. We believe that the
stable dimensions of the GGCs, which could
result from their heterocyclic crosslinking
structure , played a critica role in
contribution to the high success of nerve
regeneration. The thin layer of surrounding
fibrous tissue and minimal inflammation
reaction also indicated that the GGCs were

biocompatible. These results are not

surprising since the gelatin has been shown
a promising materia for use in
entubulization repair of nerve defects, and
the genipin shown prominent neuritogenic

activity in paraneurons such as PC12h cells.
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