
0

5

10

15

20

CD68 Stain Quantity, % Area 

0

10

20

30

40

50

60

Neurofilament Stain, % area

Pre-clinical models for examination of human tissue grafts in nerve injury
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Objective

Methods

Severe crush injuries to nerves are complicated to treat as 
they present as “closed” injuries with few external 
indications of the severity of injury but often requires 
excision of the damaged tissue. Disrupting or preventing 
the inflammatory cascade resulting from the internal 
nerve trauma of a severe crush injury may prevent the 
development of neuroma in continuity and the potential 
need for surgical excision and grafting. Human umbilical 
cord products may be an option to protect the nerve from 
this crush induced inflammatory cascade and help prevent 
the development of neuroma in continuity. However, 
interpretation of animal studies of minimally processed 
human tissue products are known to be complicated due 
to xenogenic mismatch and result in non-clinically 
representative results.  

Determination of ECM/cell area was determined from 

trichrome staining using the color threshold function in 

ImageJ (blue=ECM, red=cell). CD68 and neurofilament 

were determined in an analogous manner.

Results Cont.

These studies were funded by AxoGen

Conclusions

Determine if an immune compromised animal model in a 
severe crush injury (athymic rat; Foxn1rnu/Foxn1rnu) has 
similar nerve regeneration compared to an 
immunocompetent animal of a matched strain 
(euthymic rat; Foxn1rnu/Foxn1+).

Athymic and Euthymic rats were treated with a 
controlled crush injury using modified malleus nippers 
applied for 3 seconds under 50g of tension (Alant et al. J 
Neurotrauma 2012) in both athymic and euthymic rats 
(n=6 per group). One euthymic rat died during surgery 
due to complications.
Six weeks after injury, animals were euthanized.  Nerve 
samples at the site of injury and distal to the injury were 
collected for histology. 
For the site of injury samples, Masson’s trichrome and 
IHC staining for Neurofilament, and CD68 were 
conducted on longitudinal paraffin sections. Samples 
distal to the injury were post-fixed in osmium tetroxide 
and imaging was conducted in transverse paraffin 
sections.

Results
In an immune-competent Sprague-Dawley rat, a local 
xenograft results in excess inflammatory cells in nerve 
distal to the implant  (CD68 staining, AxoGen historical 
data).

Gastrocnemius weights were reduced with injury, but were similar for 
both athymic and euthymic animals at 6 weeks post injury.
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Histomorphology was conducted with manual tracing, 

assisted using the particle selection feature as a pre-

selection where appropriate, of at least 400 

myelinated fiber from representative, and artifact free, 

areas of each sample. The circularized diameter of the 

myelinated fiber was then determined from the 

selected areas.  

Immunohistochemical staining for Neurofilament, and 
CD68 showed similar patterns for both athymic and 
euthymic animals (n=3 per group).

Partial analysis of histomorphometry (n=3) was similar between 

athymic and euthymic animals with crush resulting in observation of 

smaller fibers on average.

ECM/cell  ratio was increased with injury, but were similar for both 
athymic and euthymic animals at 6 weeks post injury.
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Average Myelinated Fiber Diameter
Avg (μm) SD

Athymic, crushed 5.26 0.43
Euthymic, crushed 4.95 0.18
Normal nerve 7.13 0.44

Athymic animals show similar regenerative response to nerve crush 

injury compared to immune-competent (euthymic) animals. In 

studying the effects of human tissue products for nerve regeneration, 

an athymic rat model should provide equivalent nerve regeneration 

results to an immunocompetent model (euthymic) with minimized 

risk of xenogenic response.

Example of area selection of uninjured nerve

  
Figure 2. Example image of CD68 staining of distal test nerve (top left and bottom left) and contralateral 

control nerve (top right and bottom right) (top 17V245, 17V261) 
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A) The regenerative capacity after nerve injury comparing the 
athymic and euthymic condition fell within the same range with 
no differences found. B) No differences in the inflammatory 
response was found between the athymic and euthymic animals.
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