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Purpose :

After peripheral nerve injury, degeneratition and subsequent regeneration of impaired neurons occur. It is
known that nerve injury results in alteration of various bioactive substances such as trophic factors, growth
factors and neuropeptides both in the injured sensory and motoneurons, and such alterations are different
between sensory neurons and motoneurons. Moreover, the neuronal responses against peripheral nerve injury
are different in neonatal animals and adult animals. Most studies have been carried out in spinal nervous
system of adult animals. It is thought that the trigeminal sensory system is similar to the spinal sensory
system, but there are two major differences between them, 1) trigeminal sensory system has two clusters of
sensory neurons, trigeminal ganglion neurons which is analogue to the dorsal root ganglion neurons, and
trigeminal mesencephalic neurons (MesV)—the only sensory neurons located within the central nervous system,
and their sensory modality is proprioception, and 2) spinal cord has laminar cytoarchtecture while such lamilar
cytoarchtecture is observed only in caudal portion of the trigeminal sensory nuclear complex. In the present
study, the responses against peripheral nerve injury in the MesV and trigeminal motoneurons (Vmo) in both
neonatal and adult mice were examined. Nerve injury was subjected to masseteric nerve which contains both
sensory nerves from trigeminal ganglion and MesV, and motor nerve from Vmo. In addition, degeneration and
regeneration of muscle spindle in masseter muscle which are innervated by MesV, and motor endplates which

are effector from Vmo.

Materials and methods :

Animals and surgery : Six-week-old DDY male mice and neonatal mice at postnatal day 3 (PN3d) at the time of

surgery were used. Under anesthesia, left masseteric nerve was exposed and cut at the level before branching.
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Immunohistochemistry : Under deep anesthesia, animals were perfused transcardically with 4%
paraformaldehyde at post-operation day 1 (PO1), PO3, PO7, PO14, PO28 and PO42 (adults) or at PO1, PO3, PO7
and PO14 (neonatal animals). Brainstem and left masseter muscle were removed, post-fixed, immersed in 20%
sucrose, and section at thickness of 50 4 m with freezing microtome. Every second section from brainstem was
immunostained by active transcription factor-3 (ATF-3), a maker of injured neurons. The numbers of neurons
in MesV and Vmo were also counted from every second section. Sections from masseter muscle were labeled

with protein gene product 9.5 (PGP 9.5), a marker of neurons and S-100, a marker of Schwann cells.

Results :

Adult brainstem : In normal adult, approximately (345.3+28.4) and (512.7+37.1) neurons were counted in
MesV and Vmo, respectively. There were no apparent changes in number of Vmo neurons following injury,
while number of MesV neurons decreased from PO14. There was no immunoreactivity of ATF-3 in normal
animals. At PO1, approximately 27.3%=6.2% of MesV neurons and 42.4+=9.3% of Vmo neurons expressed ATF-3
immunoreactivity ; immunoreactivity was restricted in nuclei. Percentage of ATF-3 immunoreactive neurons
increased gradually, reaching maximal levels at PO7 (46.1=78% in MesV and 50.7£12.3% in Vmo). The
percentages of ATF-3 immunoreactive neurons decreased gradually from PO14, and became very few in Vmo at
PO42. However, approximately 17.6£9.5% of MesV neurons still showed ATF-3 immunoreactivity at PO42.

Neonatal brainstem : At postnatal day 3, approximately 246.7*50.3 and 438.252.3 neurons were counted in

MesV and Vmo, respectively. Number of neurons decreased gradually in both MesV and Vmo after injury.
Following masseteric nerve axotomy, approximately 23.5+4.7% and 58.3%11.6% of neurons expressed ATF-3 in
MesV and Vmo at PO1 respectively. The percentages of ATF-3 neurons decreased rapidly from PO1, and very
few ATF-3 neurons were detected in Vmo on PO7. In the MesV, however, significant number of ATF-3 neurons
was remained even at PO42.

Masseter muscles : In adult animals, spiral PGP 9.5 immunoreactive structures, presumably muscle spindles

were occasionally detected. Motor endplates were clearly labeled with PGP 9.5 and S-100, showing array

distribution. Following axotomy, regenerated muscle spindles were rarely detected. PGP9.5 immunoreactive

motorendplates disappeared, and re-appeared around PO42, while S-100 reappeared around PO28.

Discussion and Conclusion

D) In adult mice Vmo neurons were more resistant against nerve injury compared to MesV neurons. Nerve
injury caused neuronal cell death in MesV

2) In neonatal mice, both MesV and Vmo neurons were very sensitive against nerve injury. Although
peripheral nerve injury evoked neuronal cell death in both MesV and Vmo, Mes V neurons were more
severely damaged.

3) Regeneration of neurons and reconstruction of sensory receptors (muscle spindles) (motorendplates) were

almost simultaneously following injury.
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