
INTRODUCTION

Several nuclei in the brain stem are known to play
important roles in supporting human life. However,
the relationship between neuronal damage to the
nuclei of the brain stem and the cause of death is
not yet fully understood. We studied nuclei of the
brain stem in forensic autopsy cases using immuno-
histochemical techniques (1, 2). Neuronal changes
in the hypoglossal nucleus (HN) were observed
especially in asphyxia. To elucidate the relationship
between asphyxia and the HN, we investigated

changes of hypoglossal neurons immunohistochemi-
cally and statistically.

MATERIALS AND METHODS

Twenty-seven forensic autopsy cases were divided
into 4 groups based on the cause of death. Group
A included cases of hanging, ligature strangulation
and manual strangulation (8 cases) ; Group B,
smothering and choking (6 cases) ; Group C, drown-
ing (10 cases) ; Group D, respiratory failure (3
cases) including asthma, pleurisy and pulmonary
thromboembolism.
The brain was fixed with phosphate-buffered for-

malin, and the brain stem was horizontally dissected
at the level of the obex, then embedded in paraffin,
and sectioned at 4 µm. The sections were stained
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with antibodies against microtubule-associated
protein 2 (MAP2) (Amersham, GB), muscarinic
acetylcholine receptor (mAChR) (Transduction
Laboratories, USA), c-fos gene product (c-Fos)
(Medac, GFR) or 72 kD heat-shock protein (HSP70)
(Amersham, GB). Immunoreactions were then
detected by the streptoavidin-biotin method (LSAB
kit, Dako, Denmark). In addition, conventional stains
such as hematoxylin-eosin (HE) and Klüver-Barrera
were carried out to examine the morphological
changes in the neurons.
To obviate the effects of postmortem changes,
cases more than 24 hours postmortem duration
showing no or little MAP2 immunoreactivity were
excluded (3).
Immunoreactivities of neurons in the hypoglossal

nucleus were examined. The percentage of immuno-
positive neurons in total neurons was determined
by counting neurons using a light microscope.
Differences among percentages were analyzed by
a non-parametric two-way ANOVA.

RESULTS

Significant morphological changes in neurons,
such as shrinkage and loss, were not observed in
any of the 24 cases. There was no correlation be-
tween the rate of immunoreactivity in cells and
amount of time postmortem or survival duration in
our cases.
The percentage of MAP2-positive neurons was
more than 78% in each group (Table 1). Immuno-
reactivity to mAChR was more than 80% of neurons
(Table 1).
The number of HSP70-positive neurons in drown-
ing victims was significantly higher than other

Table 1. The percentage of MAP2 and mAChR immunopositive
neurons

Percentage (mean±S.E.)

Group MAP 2 mAChR

A 79.9±4.6 80.3±4.2

B 78.9±6.4 80.5±4.5

C 91.4±3.3 90.8±1.3

D 78.5±2.0 90.7±4.6

A : hanging, ligature strangulation and manual strangulation
B : smothering and choking
C : drowning
D : respiratory failure

Fig.1. HSP70 and c-Fos expression in drowning
a : HSP70, b : c-Fos (×200)

Fig.2. The percentage of HSP72 and c-Fos immunopositive
neurons
A : hanging, ligature strangulation and manual strangulation
B : smothering and choking
C : drowning
D : respiratory failure
* p<0.05
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groups (53.0±5.1%) (Figs.1a and 2). A high rate
of c-Fos expression was also observed in drowning
(58.8±5.0%) (Figs.1b and 2).

DISCUSSION

MAP2, a cytoskeletal protein of the neuron, is a
marker of neuronal damage, and alteration in the
immunostaining of this protein was generally observed
prior to morphological changes (4, 5). Muscarinic
AChR is localized on the cell membrane and medi-
ates the action of neurotransmitter ACh. In this
study, mAChR was used as a marker of the neuronal
membrane and ACh signaling.
HSP70 is known to be expressed in neuronal
cells after various stresses, such as heat, trauma
and ischemia, thereby protecting neurons against
stress-induced damage (6-10). Similar to HSP70,
c-Fos is also considered to be a cellular marker of
transcriptional activity in the stress-related circuitry
(6-14). While the functional significance of either
HSP70 or c-Fos expression is unclear, it is evident
that they are linked to events that either promote
cellular recovery or lead to cell death. Thus, we
employed both HSP70 and c-Fos as markers of
stress- or damage-related events.
Morphological observation showed no significant
changes of neurons in the HN. There was no cor-
relation between the rate of immunoreactivity in
cells and length of postmortem period or survival
duration in our cases. Therefore, we examined the
relationship between immunohistochemical changes
and cause of death.
In the present study, causes of respiratory failure
(Group D) were internal, such as asthma, pleurisy
and pulmonary thromboembolism. These cases
showed high immunoreactivity to MAP2 and mAChR
and less expression of HSP70 and c-Fos. It is pos-
sible that the HN might not have been damaged in
our cases.
Based on these results, we investigated the as-

phyxia groups (Group A, B and C). Although there
were no significant differences of MAP2 and mAChR
immunostaining in any of the 4 groups, drowning
produced significantly higher expression of HSP70
and c-Fos (p<0.05). Since high rates of HSP70 and
c-Fos expression in the HN were observed only in
drowning, it was considered that drowning might
induce neuronal changes or the HN damage. The
HN is the center of nerves innervating the upper
respiratory tract and is related to control of masti-

cation, deglutition, speech and respiration (15, 16).
During the course of drowning, respiration is some-
times spasmodic (17), and it is conceivable that
mastication, swallowing, respiration and speech are
also disturbed. It is suspected that neuronal changes
seen in drowning victims might be related to those
functions of the HN.
These observations indicate that immunohisto-

chemical examination of brain stem nuclei can pro-
vide useful information for determining the cause
of death.

ACKNOWLEDGEMENT

This work was partly supported by Grant in Aid
for Scientific Research from TheMinistry of Education,
Science, Sports and Culture of Japan No.09670442.

REFERENCES

1. Kubo S, Orihara Y, Gotohda T, Tokunaga I,
Tsuda R, Ikematsu K, Kitamura O, Yamamoto
A, Nakasono I : Immunohistochemical studies
on neuronal changes in brain stem nucleus of
forensic autopsied cases. I. Various case of
asphyxia and respiratory disorder. Jpn J Legal
Med 52 : 345-349, 1998

2. Kubo S, Orihara Y, Gotohda T, Tokunaga I,
Tsuda R, Ikematsu K, Kitamura O, Yamamoto
A, Nakasono I : Immunohistochemical studies
on neuronal changes in brain stem nucleus of
forensic autopsied cases. II. Sudden infant
death syndrome. Jpn J Legal Med 52 : 350-354,
1998

3. Schwab C, Bondada V, Sparks DL, Cahan LD,
Geddes JW : Postmortem changes in the levels
and localization of microtubule-associated pro-
tein (tau, MAP2 and MAP1B) in the rat and
human hippocampus. Hippocampus 4 (2) : 210-
225, 1994

4. Taft WC, Yang K, Dixon CE, Hayes RL :
Microtubule-associated protein 2 levels de-
crease in hippocampus following traumatic
brain injury. J Neurotrauma 9 : 281-290, 1992

5. Kitagawa K, MatsumotoM, NiinobeM,Mikoshiba
K, Hata R, Ueda H : Microtubule-associated
protein 2 as a sensitive marker for cerebral
ischemic damage. Neuroscience 31 : 401-411,
1989

6. Dunn-Meynell AA, Levin BE : Histological

T. Gotohda et al. HSP70 and c-Fos expression of hypoglossal nucleus in drowning７８ T. Gotohda et al. HSP70 and c-Fos expression of hypoglossal nucleus in drowning７８



markers of neuronal, axonal and astrocytic
changes after lateral rigid impact traumatic
brain injury. Brain Res 761 : 25-41, 1997

7. Nowak TS Jr, Osborne OC, Suga S : Stress protein
and proto-oncogene expression as indicators
of neuronal pathophysiology after ischemia.
Prog Brain Res 96 : 195-208, 1993

8. Raghupathi R, Welsh FA, Lowenstein DH,
Gennarelli TA, McIntosh TK : Regional induc-
tion of c-fos and heat shock protein-72 mRNA
following fluid-percussion brain injury in the
rat. J Cerebral Blood Flow and Metabolism
15 : 467-473, 1995

9. Gilby KL, Armstrong JN, Currie RW, Robertson
HA : The effects of hypoxia-ischemia on expres-
sion of c-Fos, c-Jun and Hsp70 in the young
rat hippocampus. Molecular Brain Research
48 : 87-96, 1997

10. Kondo T, Sharp FR, Honkaniemi J, Mikawa S,
Epstein CJ, Chan PH : DNA fragmentation
and prolonged expression of c-fos, c-jun, and
hsp70 in kainic acid-induced neuronal cell
death in transgenic mice overexpressing human
CuZn-superoxide dismutase. J Cerebral Blood
Flow and Metabolism 17 : 241-256, 1997

11. Pezzone MA, Lee WS, Hoffman GE, Pezzone
KM, Rabin BS : Activation of brain stem
catecholaminergic neurons by conditioned and
unconditioned aversive stimuli as revealed by
c-Fos immunoreactivity. Brain Res 608 : 310-

318, 1993
12. Sato M, Severinghaus JW, Basbaum AI : Me-

dullary CO2 chemoreceptor neuron identification
by c-fos immunocytochemistry. J Appl Physiol
73 : 96-100, 1992

13. Dragunow M, Beilherz E, Sirimanne E,
Lawlor P, Williams C, Bravo R, Gluckman P :
Immediate-early gene protein expression in
neurons undergoing delayed death, but not
necrosis, following hypoxic-ischeamic injury to
the young rat brain. Molecular Brain Research
25 : 19-33, 1994

14. Kovacs KJ : c-Fos as a transcription factor : a
stressful (re)view from a functional map.
Neurochem Int 33 : 287-297, 1998

15. Friedland DR, Eden AR, Laitman JT : Naturally
occurring motoneuron cell death in rat upper
respiratory tract motor nuclei : a histological,
fast DiI and immunocytochemical study in the
hypoglossal nucleus. J Neurobiol 27 : 520-534,
1995

16. Aldes LD, Bartly K, Royal K, DixonA, Chronister
RB : Pre-and postnatal development of the
catecholamine innervation of the hypoglossal
nucleus in the rat : an immunocytochemical
study. Brain Res Dev Brain Res 91 : 83-92, 1996

17. Gonzales TA, Vance M, Helpern M, Umberger
DJ : Legal medicine pathology and toxicology,
2nd edn. Appleton-Century-Crofts, New York,
1954

７９The Journal of Medical Investigation Vol. 47 2000 ７９The Journal of Medical Investigation Vol. 47 2000


