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Statement of Purpose: Glial-derived neurotrophic factor 
(GDNF) promotes both sensory and motor neuron surviv-
al. The delivery of GDNF to the peripheral nervous sys-
tem has been shown to enhance regeneration following 
injury. We constructed an affinity-based delivery system 
consisting of a bi-domain peptide covalently bound to 
fibrin matrices and capable of non-covalently interacting 
with heparin, heparin, and GDNF, which binds to heparin 
with moderate affinity. In this study we evaluated the 
effect of affinity-based delivery of GDNF in a nerve 
guidance conduit on nerve regeneration in a 13 mm rat 
sciatic nerve defect. The goal of this research was to de-
termine if GDNF delivered via an affinity-based delivery 
system could enhance nerve regeneration and have histo-
morphometric equivalence to a nerve isograft. 
 

Methods: Adult male Lewis rats (Harlan), were rando-
mized into seven groups (n = 12 per group).  Fibrin ma-
trices (4.0 mg/mL, Sigma) were prepared as previously 
described,1 where the delivery system was prepared by 
incorporating bi-domain peptide (ATIII) based on a mod-
ified version of the antithrombin III-heparin binding do-
main, heparin, and human β–NGF or GDNF. A 5 mm 
nerve segment was excised proximal to the trifurcation of 
the sciatic nerve and a 15 mm silicone tube, with the fi-
brin matrices with or without delivery system and growth 
factor, was sutured to the transected proximal and distal 
stumps, incorporating 1 mm of nerve on either end to 
create a 13 mm nerve gap. A 13 mm nerve from syngene-
ic donor animals was used for isograft controls. Six weeks 
postoperatively, the conduits or grafts were harvested and 
fixed in 3% glutaraldehyde, post-fixed with 1% osmium 
tetroxide, ethanol dehydrated and embedded in araldite.  
Thin sections were made from the tissue using an ultrami-
crotome and stained appropriately for examination by 
light microscopy or electron microscopy with histomor-
phometric analysis. 
 

Results/Discussion: Qualitative examination of the mid-
line of the conduits or grafts revealed differences in nerve 
architecture as reflected by the arrangement and descrip-
tion of the regenerating axons (Figure 1). In particular, the 
isograft, GDNF DS and NGF DS, reflect a more orga-
nized fiber appearance, while the fibrin alone group dem-
onstrated more random spacing and swirling of fibers. 
The number of myelinated nerve fibers at the midline of 
the conduit was determined and the fiber diameter was 
measured (Figure 2). No group matched the total fiber 
number of the isograft, however, both GDNF and NGF 
increased the myelinated fiber diameters. Our findings 
suggest that although not equivalent in fiber number, the 
delivery of GDNF by our delivery system produces larg-
er, mature nerve fibers2. The important result from this 
study is that GDNF delivered from our fibrin-based deli-
very system is able to stimulate peripheral nerve fiber 
outgrowth in vivo in a rat sciatic (mixed) nerve model. 

 
Figure 1 Histological sections of regenerating nerves at the midline of 
the conduit (or graft).  (A) Fibrin alone; (B) Isograft; (C) delivery system 
incorporating GDNF (GDNF DS); (D) delivery system incorporating 
NGF (NGF DS). GDNF DS and NGF DS groups demonstrated more 
organized neural architecture, closely approximating the isograft, in 
comparison to the fibrin alone group.  Scale bar, 10 µm. 
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Figure 2 Myelinated fiber size distribution of regenerating nerves at the 
midline of the conduit (or graft). The percentage of large regenerating 
nerve fibers (4-5, 5-6 µm) was larger in the GDNF DS and NGF DS 
groups compared to the isograft group. GDNF DS had significantly the 
greatest percentage of the largest fibers (6-7µm) compared to the iso-
graft.  Data (n = 12) represents mean ± S.E.M. and * indicates statistical 
significance (p < 0.05) compared to the isograft. 
 
Conclusions: We examined histological outcomes of 
GDNF and compared it to controls as well as NGF.  Giv-
en the increased maturity and organized architecture of 
the regenerating nerve under the influence GDNF, we 
believe affinity-based delivery of GDNF offers insight 
into potential future alternatives for the treatment of peri-
pheral nerve injuries. 
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