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Abstract: Mitogen-activated protein (MAP) kinase cascades are activated in
response to various extracellular stimuli. p38 MAP kinase is one of the MAP kinase
family and is activated in response to various extracellular stimuli such as
proinflammatory cytokines and environmental stresses. To obtain information about the
role of the p38 MAP kinase in the neurons and the glial cells after axotomy, we
investigated changes of p38 MAP kinase expression in the dorsal motor nucleus (DMN)
of the vagus nerve and the hypoglossal nucleus after axotomy in adult rats using in situ
hybridization and immunohistochemical techniques. Expression of p38 MAP kinase
mRNA was observed in the cytoplasms of the neurons in control rats, and showed no
marked changes after axotomy. Three days after axotomy, however, expression of p38
MAP kinase mRNA was observed in the cytoplasms of perineuronal microglias in both
nuclei. Immunohistochemical analysis revealed expression of p38 MAP kinase in the
cytoplasms and nuclei of neurons in both nuclei in control rats. The stronger expression
of activated p38 MAP kinase was observed in the DMN of the vagus nerve than in the
hypoglossal nucleus. After axotomy, the expression of p38 MAP kinase, inactive and
active, was reduced in the nuclei of neurons in both nuclei, while perineuronal microglias
showed increased expression in their cytoplasms and nuclei. These findings indicate that
the reduction of the expression of p38 MAP kinase, inactive and active, influences the
transcription factors, and plays an important role in retrograde neuronal reactions.
Moreover, the increased expression of p38 MAP kinase in the perineuronal microglias
may be related to microglial cell reactions and retrograde neuronal reactions.

Key words : axotomy, p38 mitogen-activated protein kinase, vagus nerve, hypoglossal
nerve, in situ hybridization
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1. RNA probe &K

Acid guanidinium thiocyanate-phenol-chloroform
(AGPC)EIC £ TT v MR SR D2 RNA % #i
L7z, %512, Oligotex™-dT30 (Roche, Japan) % fi\»
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c¢DNA synthesis kit (Amersham, International Plc.,
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F a2 ~X— b L7z, Tris-buffer ‘C## L, nitroblue tetra-
zolium (NBT, Boehringer Mannheim) & 5-bromo-4-
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Fig. 1. In situ hybridization of p38 MAP kinase
mRNA.

5 days after axotomy, neurons in both vagal
(X) and hypoglossal (XII) nuclei show intense
signals in their cytoplasms (a). 3 days after
axotomy, perineuronal microglias in the sev-
ered side of the hypoglossal nucleus also show
hybridization signals (b, X ; ¢, XII). Bar=a,100
tm ; b, ¢, 25 pm.

Fig. 2. Immunohistochemistry against p38 MAP ki-
nase 3 and 7 days after axotomy.
In both vagal (X) and hypoglossal (XII) nu-
clei, neurons show weak reactivity in their nu-
clei and cytoplasms. Immunoreactivity is
observed in perineuronal microglias in the sev-
ered side of both nuclei. Following axotomy,
the immunoreactivity of neurons was gradu-
ally reduced in both nuclei. However, in per-
ineuronal microglias the immunoreactivity
was intensified in both nuclei 7 days after ax-
otomy (a, 3 days ; b, 7 days). Bar=100 zm.
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Fig. 3. Immunochistochemistry against activated p38
MAP kinase 7 days after axotomy.
Nuclei of vagal neurons show intense immunore-
activity, and cytoplasms of vagal neurons and
nuclei of hypoglossal neurons show weak immu-
noreactivity (a). Intensified immunoreactivity
is observed in the cytoplasms of perineuronal
microglias in the severed side of both nuclei (X:
b, XII: c). Bar=a, 100 zm ; b, ¢, 25 zm.
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522522k T ERIBICEE LT 5 TREMESS



(42) TR ¥ # 5%

Table 1. Results of in situ hybridization and immunohistochemistry of p38 MAP kinase following axotomy

DMN of vagus nerve (X)

postoperative days  sham op. 1 3 5 7 14 28

in situ hybridization

neuron +/- +/- +/- +/ - +/- +/ - +/-
microglia none -/ - ++/- ++/- ++/~ +/- +/ -
immunohistochemistry
p38 MAP kinase
neuron +/4+ +/+ +/% +/% +/ - +/- n
microglia none -/ - +/+ +/+ ++/++ ++/++ n
p-p38 MAP kinase
neuron +/++ +/++ +/++ +/++ +/+ +/+ n
microglia none -/ - ++/+ ++/+ ++/+ +/+ n

+/ - indicates the expression level in the cytoplasms and the nuclei. The former is cytoplasms'
and the latter is the nuclei's.

+, positive ; +, weakly positive ; —, negative or the expression level is almost equivalent to the
background level ; n, not examined ; none, not observed

The number of + indicates the extent of expression, compared with the background level.

Table 2. Results of in situ hybridization and immunohistochemistry of p38 MAP kinase foliowing axotomy

Hypoglossal nucleus (XII)

postoperative days  sham op. 1 3 5 7 14 28

in situ hybridization

neuron +/ - +/ - +/~- +/ - +/- +/- +/-
microglia none -~/ - +4+/- ++/- ++/- +/- +/-
immunohistochemistry
p38 MAP kinase
neuron +/+ +/+ +/% +/% +/- +/ - n
microglia none -/ - +/+ +/+ ++/++ ++/++ n
p-p38 MAP kinase
neuron -/ + -/+ -/ + ~/+ -/x -/ + n

microglia none -/ = +4+/+ ++/+ ++/+ +/+ n

+/ -~ indicates the expression level in the cytoplasms and the nuclei. The former is cytoplasms’
and the latter is the nuclei's.

+, positive ; £, weakly positive ; -, negative or the expression level is almost equivalent to the
background level ; n, not examined ; none, not observed

The number of + indicates the extent of expression, compared with the background level.
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