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Key words axotomy, facial nerve, neurotrophic factors, retrograde degeneration, transplantation
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Abbreviations : BDNF, brain-derived neurotrophic factor; CNTF, ciliary neurotrophic factor; GDNF, glial cell
derived neurotrophic factor; GFAP, glial fibrillary acid protein; PFA, paraformaldehyde; NGF, nerve growth factor
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Fig. 1. The anatomical scheme of rat brainstem (modified from The rat brain in stereotaxic coordinates by Paxinos 1982) at levels
including facial nuclei (facial nuclei are indicated by arrowheads in B-D) and facial nerve tracts (facial nerve tract is indicated by small
arrows in A-C). A; 10.04mm, B; 10.30mm, C; 10.80mm, and D; 11.30mm caudal from the bregma horizontally. The large arrow in figure
1B indicates the direction and the lesion, where the facial nerve tact is stereotaxically transected about 10mm caudal from the bregma,
The double arrows in figure D indicate the injury site in the control injury model, which is 11.30mm caudal from the bregma.
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Fig.2.  Light micrographs demonstrating morphological changes in the brainstem injury model, the transplanted model, and the control
injury model. (A) In the brainstem injury model on day 7, right facial nerve is cut at the genu (arrow) of the facial nerve and the distal
segment of the facial nerve tract is degenerated (asterisk). (B) In the transplanted model on day 28, the transplanted sciatic nerve is well
survived (G) without any response of rejection. (C) In the control injury model, the injury site of sham operation (small arrow), and intact

facial nuclei (F) are seen. HE staining. Scale bars, 20mm.
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Fig.3. Light photographs showing the morphological changes of the facial nuclei following different types of axotomy (A, E; distal injury
model, B, F; proximal injury model, C, G; brainstem injury model, D, H; transplanted model) on day 7 (A-D) and day 28 (E-H). Some
neurons show decentralized nuclei in the distal injury model (A) and the proximal injury model (B) on day 7. Degenerative neurons are
present in the brainstem injury model (C) and the transplanted model (D) on day 7. On day 28, both neurons of regular and degenerative
morphology are present in the distal injury model (E) and the proximal injury model (F). Most of the facial motoneurons in the brainstem
injury model (G) and the transplanted model (H) show atrophic feature. HE staining. Scale bar, 40 . m.
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: Phiotographs showing morphological changes of the control injury model on day 7, including HE staining (A),
immunohistochemical study of GFAP (8) and ED1 (C) (D). (A) No damage caused by the injury is seen in the facial nuclei. (B, C) There

is no increase in GFAP or ED1 immunoreactivity around the facial nuclei. (D) ED1 immunoreactivity is seen only at the site of the injury
(asterisk). Scale bars, 40 m (A-C), 20mm (D).
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Fig. 5. Immunostaining for GFAP in the distal injury model (A, E), the proximal injury model (B, F), the brainstem injury model (C, G)
and the transplanted model (D, H). GFAP immunoreactivity is increased in the all models on day 7 (A-D) and it decreases but presents
yet on day 28 (E-H). Scale bar, 50, m.
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Fig. 6. Immunostaining for ED1 in the facial nucleus of the each model on day 7 (A-D) and on day 28 (E-H). Some immunoreactivity is
found in the distal injury model (A, E). Increase of ED1 immunoreactivity is seen in the proximal injury model (B, F), the brainstem
injury model (C, G) and the transplanted model (D, H), and it becomes evident in the each model on day 28. Scale bar, 50/ m.
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Fig.7.  Light micrographs with Cresyl violet staining of the brainstem at the level of 11.30mm caudal from the bregma. (A; control injury
model, B; distal injury model, C; proximal injury model, D; brainstem injury model, E; transplanted model on day 7. F; normal control.)
Almost all motoneurons survive in the distal injury model (B) and the proximal injury model (C). Some motoneurons fall into
degeneration in the brainstem injury model (D) and the transplanted model (E). Scale bars indicate 0.1mm.
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Fig.8. Graph showing the survival ratio (operated/
contralateral side) of the facial motoneurons on day 7. Data
areX = SD. *p <0.01 indicates a significant difference.
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Fig.9. Light micrographs with Cresyl violet staining of the rat brainstem at the level of 11.30mm caudal from the bregma. (A; control
injury model, B; distal injury model, C; proximal injury model, D; brainstem injury model, E; transplanted model on day 28. F; normal
control) Almost all motoneurons survive in the distal injury model (B). Half of the motoneurons die in the proximal injury model (C).
Almost all motoneurons die in the brainstem injury model (D), but 20% of motoneurons are rescued by the transplanted autogenic sciatic

nerve (E). Scale bars indicate 0.1mm.
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Fig. 10. Graph showing the survival ratio (operated/
contralateral side) of the facial motoneurons on day 28. Data
areX == SD. *p <0.01 indicates a significant differcnces.
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Abstract

Damage to facial nerve function is one of the major clinical problems for neurosurgical patients. Following axotomy of
facial nerves, the degree and ratio of neuronal cell death in the facial nuclei is a crucial parameter that influences axonal
regeneration. The more proximal the facial nerve is injured, the less chance the motoneurons survive, The aim of this study is
to establish an adult rat model for retrograde degeneration of the facial nucleus after axotomy at various lesions, in order to
investigate the mechanism of retrograde degeneration and the responses of the surrounding glial cells. In addition, the
neuroprotectional effects of autografted peripheral nerve tissues are also investigated. The models include a control injury
model; the brainstern is injured without transection of the facial nerve tract, a distal injury model; the facial nerve is cut at the
stylomastoid foramen, a proximal injury model; the facial nerve is avulsed at the stylomastoid foramen resulting in more
proximal transection than the distal injury model, a brainstem injury model; the genu of the facial nerve tract in the brainstem
is stereotaxically transected, and a transplanted model; a PNS autograft is transplanted to the injury site of the brainstem injury
model. Immunohistochemically, GFAP positive reactive astrocytes can be seen in all models, but ED] positive reactive
microglias and macrophages can only be observed under conditions of neuronal degeneration, in the proximal injury and
brainstem injury groups. On day 7, compared with the contralateral side, the survival ratio of motoneurons of the facial nuclei
is 105.8 =3.8% in the control injury group, 102.4 = 5.2% in the distal injury group, 94.6 & 7.4% in the proximal injury
group, 30.9 1+ 8.3% in the brainstem injury group, 43.7 3= 6.2% in the transplanted group. On day 28, the survival ratio is
96.4 £ 5.0% in the control injury group, 90.2 & 3.0% in the distal injury group, 49.7 = 6.3% in the proximal injury group,
2.3+ 1.2% in the brainstem injury group, 20.4 & 5.1% in the transplanted group. These results suggest that the brainstern
lesion model used in this study causes a massive neuronal cell death and that it is useful to study the mechanism of retrograde
neuronal degeneration. Additionally, the transplantation of the PNS autograft has clear neuroprotective effects against
retrograde degeneration.



