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Abstract: Immunohistochemistry is very useful when investigating the cause of death. Ischemic cell
changes in the hippocampal neurons were not obvious in the brains damaged by hypoxic injury.
However, it is suggested that even a moderate hypoxia, which may affect the neuronal proteins and
metabolism, induced astrocytosis in the CA3 and CA4 regions, and that in patients with a history of
hypoxic attacks neuronal damage may be severe even several hours after ischemic injury.
Furthermore, hsp70 expression was found in the CA2, CA3 and CA4 regions of long-term survivors
after severe hypoxic/ischemic injury. In forensic practice, detailed information about the duration
and extent of a hypoxic/ischemic injury is often unavailable, so that immunohistochemical detection
of hsp70 and glial cell staining can be of great value in diagnosing not only the hypoxic/ischemic
injury during the process of death but also the victim’s past history of hypoxic attacks. In diffuse
axonal injury, degeneration of axon and myelin, such as swelling and waving, were observed in
survivors of more than 8 hours. Retraction balls appeared in survivors of more than 1 days. In longer
term survivors, such as 3 or 5 months, breakdown of myelin and fat-granule cells were observed. In
addition, retraction balls were also found. Immunohistochemical staining of 200 kD neurofilament
was a very useful method to examine axonal changes, because antisera is specific for degenerative
neurofilaments. In our study, all cases which had pathological findings of diffuse axonal injury (DAI)
were associated with focal head injuries. From the immunohistochemical staining of neurons in the
hippocampus, it was suggested that neurons in the hippocampus were injured by diffuse brain
damage. Furthermore, repairing and protective mechanisms occurred especially from CA2 to
CAA4. It was considered that neuronal damage in diffuse brain injury was elucidated not only
morphologically but also functionally. Therefore, in cases of suspected diffuse brain damage, it is
recommended to examine the neuronal changes in addition to observing the findings of diffuse
axonal injury. Immunohistochemical staining of the carotid body is potentially very useful for
necropsy diagnosis, since it provides a method to detect evidence of mechanical asphyxia in
suspected cases of manual and/or ligature strangulation. J. Med. Invest. 44 : 109-119, 1998
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In forensic neuropathology, immunohistochemistry is

INTRODUCTION very useful when investigating the cause of death.

According to the development of the immunohistochemistry
(IH) and various antibodies for IH, the neuropathological
investigation has spread from morphological to functional
observation.
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In this review, we introduce our immunohistochemical
investigation for neuropathological changes in forensic
autopsy cases (1-6, 62). The avidin-biotin complex (ABC)
method and/or labeled streptoavidin biotin (LSAB) method
were used in the immunohistochemical procedure. The
primary antibodies and lectin used in this review are listed
in Table 1.
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Table 1. The primary antibodies and lectin in this review.

for neuron
microtuble associated protein 2 (MAP2)
72 kD heat shock protein (hsp72)
c-fos gene product (c-Fos)
acidic fibroblast growth factor (a-FGF)
basic fibroblast growth factor (b-FGF)
for astrocyte
glial fibrially acidic protein (GFAP)
vimentin
for microglia
Retinus Communis agglutinin-1 (RCA-I)
for neurofilament
200 kD neurofilament (NF200)
for neuropeptide
enkephalin (EK)
vasoactive intestinal peptide (VIP)

1. HYPOXIC/ISCHEMIC BRAIN DAMAGE

The CAl pyramidal cells and neurons in the third, fifth
and sixth neocortical layers are these most vulnerable to
hypoxic / ischemic injury (7, 11, 13, 15-17, 29, 31, 38). Few
neuropathological changes occur in the neurons imme-
diately after hypoxic/ischemic injury, but neuronal ischemic
changes begin to appear in the human brain after several
hours. Furthermore, neuronal necrosis and/or a loss of
neurons is found in patients after long-term survival (11,
13, 15-17, 31, 38).

Astrocytes react to hypoxic/ischemic injury by conversion
to reactive forms and proliferation in the regions showing
neuronal necrosis (9-11, 24, 32, 33, 42). Microglia are trans-
formed into rod cells that have rod-shaped nuclei and
processes in the regions showing neuronal necrosis (9, 11,
23, 27). In the destroyed tissue, these microglia become
rounded and contain fat droplets in their cytoplasm and
are termed lipid-laden macrophages or lipid phagocytes
(11). These glial reactions are proportional to the extent of
neuronal alterations (9-11, 23, 24, 27, 32, 33).

Exposure of the cells to various forms of stress, such
as heat, ischemia and alcohol, induces the synthesis of
heat shock protein species (8, 21, 36, 37), and in an
immunohistochemical study, the induction of a 70-kD heat
shock protein (hsp70) was found to be far lower in the
CAl pyramidal cells than in the CA3 region. These
findings suggest that heat shock proteins, such as hsp70,
may play an important role in protection against hypoxic/
ischemic injury and other pathological conditions (8, 21,
36, 37, 41).

A neuropathological study of 41 forensic autopsy cases
of hypoxic/ischemic brain damage was undertaken, using
immunohistochemical staining to detect the 72-kD heat
shock protein (hsp72) for neuron, glial fibrillary acidic
protein (GFAP) and vimentin as markers for astrocytes
and the lectin Recinus Communis agglutinin-1 (RCA-I) for
the microglial marker. The sample used for this study
came from forensic autopsy cases, and the cases were

divided into 3 groups. Group A (n=33) : sudden death with
no history of hypoxic attacks ; Group B (n=4) : long term-
survival after hypoxic/ischemic injury with no history of
hypoxic attacks ; Group C (n=4) : sudden death or long
term-survival with a history of hypoxic attacks.

In our study, no ischemic changes were found in the
brain tissue following sudden death (Group A), although
swelling of astrocytes were seen in 16 cases. In the early
stage of hypoxic/ischemic injury, astrocytes showed a
swelling of their cell bodies, which is a significant sign in
diagnosing a hypoxic/ischemic injury (12). However, such
swelling also occurs in post-mortem autolysis. Because of
a lack of detailed information about duration and severity
of hypoxic/ischemic injury, it was not clear whether
these 16 cases differed from the other 10 cases showing
no astrocytic swelling. Therefore, GFAP immunostaining
was unable to distinguish whether this astrocytic swelling
was due to hypoxic/ischemic injury or post-mortem
changes.

Table 2 summarized the findings in the cases of group
B and group C.

In the 2-5 hours survival period of Group B, some
neurons in the neocortex and the CAl sector showed
ischemic cell changes, i.e., shrinkage of the cell bodies,
eosinophilia or dark staining of the cytoplasm with Kliier-
Barrera’'s stain (KB), and deformity and pyknosis of the
nuclei. In 2 cases of 2-5 hours survival (Case 1 and 2-Table
2), swelling of astrocytes was observed, but no microglial
reaction was found.

In a case of 18days survival in Group B (Case3-Table2),
no neurons of the hippocampus showed ischemic change,
although laminar necrosis was seen in the third, fifth and
sixth cortical layers. The cell bodies of many neurons
showed an hsp70-positive staining, as did some nuclei in
the CA2, CA3 and CA4 regions. However, there was weak
or no hsp70 immmunoreactivity in the CAl pyramidal
cells. GFAP-positive astrocytes were numerous in the
neocortex (Fig.la and b) and vimentin-positive cells
proliferated in the regions showing neuronal necrosis
(Figs.1 c and d). A proliferation of microglia was observed
in the neocortex regions manifesting neuronal necrosis
(Fig.2 a). In this case, many of the microglia were trans-
formed into rod cells (reactive microglia) with bipolar
processes and rod-shape nuclei (Fig.2b), and other
microglia manifested short processes and roundish cell
bodies.

In a case of 120 days survival in Group B (Case4-Table2),
a severe subtotal loss of neurons was seen in both the
hippocampus and the second to sixth layers of the neo-
cortex. In this case, astrocytosis in the neocortex was more
marked than in the case of 18 days survivial (Fig.1le-h)
and GFAP-positive cells had proliferated throughout the
hippocampus, and vimentin-positive cells were numerous
in the CA1 sector, but there were fewer in the CA2, CA3
and CA4 regions. Numerous microglia such as lipid-laden
cells were in the brain after 120 days survival (Fig. 2c).

In patients surviving for 4-12 h after cardiac arrest, the
neocortex showed ischemic cell changes and neuronal
changes in the hippocampus were invariable. Severe
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Table 2. Summary of the findings in the cases of group B (cases 1-4) and group C (cases 5-8)

Case Region Neurons Astrocytes Microglia
of brain E/rl‘c;:%r;(;loglcal Hsp70 GFAP Vimentin
CA1l + -
CA?2 - +
1 cassa ' "
Neocortex + NT
CA1l + -
CA2 - +
2 CA3/4 : "
Neocortex + NT
CA1l - -
3 CA?2 - + -
CA3/4 - + ++ -
Neocortex ++ NT + + +
CA1l +++ - ++ ++ ++
CA2 +++ ++ + ++
4 CA 3/4 +++ - ++ + ++
Neocortex +++ NT ++ ++ ++
CA1l - -
CA?2 -
5 cas/a . . N
Neocortex + NT
CA1l - -
6 CA2 - + -
CA3/4 - + +
Neocortex + NT
CA1l - -
CA?2 - + -
7 CA3/4 - + ++
Neocortex + NT
CA1l ++ -
CA2 - - -
8 CcaA3/4 : 4 +
Neocortex + NT

Morphological changes : -no change ; +mild ; ++severe ; +++subtotal or total loss of neurons
Hsp 70 : -negative or weakly positive in some neurons ; +prominently positive in many neurons

GFAP : -no reaction ; +mild proliferation ; ++severe proliferation
Vimentin : -negative ; +mild proliferation ; ++severe proliferation
Microglia : -no reaction ; +rod cells ; ++lipid-laden cells

NT : not tested

Fig. 1. Astrocytic reactions : immunohistochemical staining with
GFAP (left; a, b, e, f) and vimentin (right ; c, d, g, h). Proliferation of
GFAP-positive cells throughout the neocortex (a, b) and vimentin-
positive cells proliferation confined to the region of neuronal
necrosis (c, d) in a patient surviving for 18 days after strangulation
(case 3). Pronounced proliferation of GFAP-(e, h) and vimentin-
(g, h) positive cells around the region of neuronal loss in a patient
surviving for 120 days after acute respiratory failure (case 4). These
astrocytes (f, h) had larger cell bodies and processes than those of
case 3. Bar=200um (a, c, €, g) ; bar=100um (h, d, f, h)
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Fig. 2. Microglial reactions with RCA-1 staining. A proliferation of
microglia including rod cells (a, b) in the neocortex of a patient after
18 days survival (case 3). A proliferation of lipid-laden macrophages
(c) in the patient surviving for 120 days (case 4). Bar=200um(a) ;
bar=50um (b, c)

neuronal necrosis or a loss of neurons is accompanied by
a glial reaction in the brain of long-term survivors after
cardiac arrest (7, 11, 13). In contrast to a deprivation of
the blood supply, as in cardiac arrest, a reduction in the
cerebral blood flow induces neuronal changes in the
neocortex, especially in the arterial boundary zone, but
this does not necessarilly damage the hippocampus (11).
Since the arterial boudary zone of parieto-occipital lobe is
most remote from the origin of each major artery, it is
most vulnerable to a reduction in cerebral blood flow. In
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our study, the findings in cases of long-term survival with
no history of hypoxic attacks were relatively consistent
with those of previous studies.

Ischemia includes several pathophysiological conditions,
i.e., hypoxia, hypercapnea, acidosis and reduction of energy
supply (11, 20, 26). However, the mechanisms of neuronal
changes due to ischemia are not entirely clear. Further-
more, it is not clear how and whether pure hypoxia, which
induces the release of amino acids, calcium uptake, and
activation of several proteases, causes ischemic cell changes
(20, 26). Based on observations from human and animal
brain tissue, it has been suggested that hypoxia (anoxia)
causes no ischemic cell change, and that morphological
changes in the neurons may be a consequence of circulatory
failure due to hypoxemia (anoxemia) (11, 20, 26, 35, 40).

In 3 cases of Group C (Case 5-7-Table 2), ischemic cell
changes were seen in the neocortex, whereas no neurons
showed any ischemic changes in the hippocampus. In one
case with tetralogy of Fallot (TOF) (Case 8-Table 2), the
CAl pyramidal cells showed neuronal necrosis (Fig. 3a)
and ischemic cell changes were seen in the neocortex.
GFAP-positive astrocytes had proliferated in the CA3 and
CA4 regions (Fig. 3b), and these proliferating cells showed
no vimentin immunoreactivity. No microglial reactions
were seen in this group.

In 3 cases with more than 2 hours survival, hsp70 immuno-
reactivity was found in the CA2, CA3 and CA4 neurons
(Fig.4aand b.).

It also has been reported that even 10 min of anoxia

Fig. 3. Neuronal necrosis in the CAL sector, stained with H.E.(a)
and a proliferation of GFAP-positive astrocytes in the CA3 and CA4
regions (b) in a case of tetralogy of Fallot, surviving 2 hours after a
traffic accident. Bar=200um
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Fig.4. Hsp 70 immunohistochemistry. Strongly positive neurons
in the CA3 and CA4 regions (a) in the patient surviving for 8-10
hours after aspiration of a foreign body. In these neurons (b), most
immunoreactivity occurred in the cytoplasm and occasional immuno-
staining in the nucleus (arrow). Bar=100um ; bar=50um

induces a decrease in the immunoreactivity to microtubule-
associated protein 2 (MAP2), a cytoskeltal protein, in the
hippocampus (20). Therefore, these findings suggest that
repeated hypoxic attacks, such as asthma attacks, may
impair some neuronal proteins to some extend, and
neurons which are vulnerable to ischemia, such as CAl
pyramidal cells, may show more advanced alterations after
severe stress, as in the patient with a history of hypoxic
attacks.

In the rat hippocampus after ischemia, GFAP-positive
and vimentin-positive astrocytes only appeared in the CA1
region showing neuronal necrosis, whereas GFAP-positive
and vimentin-negative cells were seen not only in the CA1
region but also in the CA3 region, which shows neuronal
viability (23, 27). Based on these finding and those of our
study, vimentin could be a useful marker for neuronal
necrosis. The stimuli which provoke an astrocytic reaction
in a non-damaged area may differ from the stimuli that
affect the damaged area, as reviewed by Petito et al. (33),
since many factors have been identified in vivo or in vitro,
including cytokines (25), growth factors (22), steroids (30,
39), protein kinase C and prostaglandin E2 (34).

In our study, a proliferation of GFAP and vimentin-positive
astrocytes were found in regions of severe neuronal changes.
However, GFAP-negative and vimentin-positive cells had
proliferated in the CA3 and CA4 regions in a patient surviving
for 18 days and in patients with a history of hypoxic attacks.
Astrocytosis was also seen in cases of sudden death
including heavy alcoholics, a toluene abuser, an epilepsy
patient and a patient with a history of self-administration of
antipsychotic drugs. These findings would indicate that a
relatively mild hypoxic episode can induce the proliferation
of GFAP-positive and vimentin-negative astrocytes, and
such astrosytosis may be induced by epilepsy or toxic
disorders. Microglial reactions were found in the area
showing neuronal necrosis in long-term survival patients.
However, there were no microglial reactions in the CA3
and CA4 regions in which GFAP-positive cells had pro-
liferated. Thus, it is possible that microglia do not react to
mild hypoxic/ischemic injury, whereas astrocytes do react.

In the brains of long-term survival patients (Group B and
C), neurons in the CA2, CA3 and CA4 regions showed a
definite hsp70 immunoreactivity, whereas weak or no
hsp70 immunostaining was seen in the CALl sector. In
cases of alcoholic intake or toluene abuse just before
death, the hsp70 distribution resembled the pattern seen
in the hippocampus of long-term survivors. In other studies,
the induction of species of the heat shock protein was
seen after exposure to various types of stress, such as heat,
ischemia, and alcohol (8, 21, 36, 37, 41). The significance
of hsp70 expression is not clear. After transient ischemia,
weak or no hsp70 immunoreactivity was induced in the
CAl pyramidal cells, whereas a significant increase in
hsp70 immunostaining was noted in the CA3 region (18).
The hsp70 immunoreactivity in CAl neurons increased
after 2 min of ischemia and a further increase in hsp70
immunoreactivity was seen in the CAl pyramidal cells
after a second ischemic attack (28). Furthermore, an early
recovery of protein synthesis was noted in the CA1 region.
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It has also been reported that transient ischemia, which is
in itself not lethal to neurons, induced a tolerance to
subsequent ischemic injury (14, 19). These studies seem
to indicate that ischemic stress, which is lethal to the CA1
neurons, impairs the cellular metabolism, including the
hsp70 expression in the CAl sector, and that such stress
induced hsp 70 in other regions of the hippocampus.
Therefore, it is suggested that the hsp70 expression in
the hippocampus found in our study reflected a hypoxic/
ischemic injury and other stress prior to death.

2. DIFFUSE AXONAL INJURY AND ITS NEURONAL
CHANGES IN THE HIPPOCAMPUS

The pathological concept of a diffuse axonal injury (DAI)
is used as a clinical term of diffuse brain injury (DBI)
(43-50). Generally, DAI is not associated with focal head
injury, such as intracranial hematoma, fracture of the skull
and contusion. Furthermore, Adams reported DAI with
focal head injury as a microscopic DAI (51). This type of
DAl is very important when investigating the cause of death
in forensic autopsy cases (4, 51-55). However, only the
pathological concept of DAI is difficult to explain all clinical
symptoms and signs in cases of diffuse brain damage. The
DAI should be considered as one type of diffuse brain
injury. We suspected not only axonal injury but also the
neuronal injury in cases of diffuse brain injury. Therefore,
we investigated axonal changes and neuronal changes in
diffuse brain injury with immunohistochemistry.

2-1. Axonal changes

Eighteen cases of non-missile closed head injury, and 6
control cases were used for the study of diffuse axonal
injury. Control cases were associated with heart failure,
bleeding, smothering, strangulation, hanging and asthma
attack.

Pathological findings of diffuse axonal injury were exam
-ined in regions of the corpus callosum, the dorsolateral
part of the midbrain and the superior cerebellar peduncle.
Staining methods employed were hematoxylin-eosin (HE)
stain, as a general stain, KB stain for myelin, and Bodian’s
stain for axon. Furthermore, immunohistochemical staining
with anti-200 kD neurofilament antisera were applied using
the labeled streptoavibin biotin method.

From 18 cases, 11 cases (61.1%), showed pathological
findings of diffuse axonal injury. In the 8 hours survival
patient, using KB staining, ballooning, swelling and waving
of myelin were observed. Bodian's stain showed balloon-
ing, swelling and waving of axons. Some axons were
various-sized. In neurofilament staining, axonal changes
observed by Bodian's stain were more easily found, because
anti-200 kD neurofilament antisera can specifically detect
degenerative neurofilament (Fig. 5).

Two days survivors showed degenerative various-sized
myelin, such as ballooning, swelling and waving with KB
stain. Using HE staining, myelin changes were also observed
and pink colored retraction balls were found. Bodian’s
staining showed axonal retraction balls, and swelling and
waving of axons. By immunohistochemical staining, retrac-
tion balls and degenerative axons appeared (Fig. 6).

i L R L
Fig. 5. Eight hours survivor (x200) : a; (HE), b ; swelling of myelin
(KB), c;swelling and waving of axon (Bodian), d;swelling and
waving of neurofilament (immunohistochemical staining of 200 kD
neurofilament).

Fig.6. Two days survivor (x200):a;(HE), b;degeneration of
myelin (KB), ¢ ; axonal retraction ball, and swelling and waving of
axon (Bodian), d ; axonal retraction ball (immunohistochemical staining
of 200 kD neurofilament).
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In 5 months survivors, gliosis and fat-granule cells were
observed using HE staining. KB staining showed granules,
breakdown of myelin and partial swelling of myelin. Using
Bodian’s stain, almost all axons were brokendown, and in
addition they remained swollen and waved. However,
retraction balls were difficult to find, because of prolif-
erated microglia. However, immunchistochemical staining
for neurofilaments specifically showed partially remained
degenerative axons and retraction balls (Fig. 7).

In summary, degeneration of axons and myelin, such as
swelling and waving were observed in survivors of more
than 8 hours. Retraction balls appeared in survivors of
more than 1 day. In longer term survivors, such as 3 or 5
months, breakdown of myelin, and fat-granule cells were
observed, and retraction balls were also found. Immuno-
histochemical staining of 200 kD neurofilament was a very
useful method to examine the axonal changes, because
the antisera is specific for degenerative neurofilaments. In
our study, all cases which had pathological findings of
DAI were associated with focal head injuries.

2-2. Neuronal changes

Neuronal changes were examined in 14 of the 18 cases
because one patient with a highly damaged hippocampus
and 3 cases of respirator brain were excluded. We exam-
ined the hippocampus with HE and KB stain. Immuno-
histochemically, microtuble-associated protein 2 (MAP2)
(56), 200kD neurofilament (NF200), enkephalin (EK),
vasoactive intestinal peptide (VIP) (57, 58), 72kD heat

Fig. 7. Five months survivor (x200) : a; gliosis and fat-granule cells
(HE), b ; breakdown of myelin (KB), ¢ ; breakdown of axon, partially
remained swelling and waving of axon (Bodian), d ; partially remained
swelling and waving of neurofilament (immunohistochemical staining
of 200 kD neurofilament).

shock protein (HSP72) (59), c-fos gene product (c-Fos)
(60, 61), and acidic and basic fibroblast growth factor
(a-, b-FGF) were stained. Pathological findings were esti-
mated in each regions of Ammon’s horn.

The case of instantaneous death showed no significant
difference with control cases. The 5 months survivor lost
almost neurons. In the other 12 cases, all antisera, except
for a-FGF, stained neurons positively. However, the results
were very different between the CA1 region and the regions
from CA2 to CAA4.

To gain a better understanding of neuronal changes,
two cases, a short time survivor and a 2 days survivor are
illustrated. The short time survivor showed no significant
difference of neuronal appearance between CA1 and CA3.
However, in the 2 days survivor, neurons in CAl shrank
and were partially lost. However there were no obvious
changes in CA3 neurons (Fig. 8).

MAP?2 is a cytoskelton protein of neurons. In the CA3
region of short time survivors, neurons were stained homo-
geneously. So, it appeared that cells were not damaged.
CAL1 neurons of this case were weakly stained, the results
showed cell damage. The 2 days survivors showed focal
staining of MAP2. This pattern was due to progressive
degeneration. Therefore, neuron degeneration occurred
from the CA1 region just after injury. Thereafter, it spread
to other regions,i.e., CA2 to CA4 according to survival
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Fig. 8. Neuronal changes in hippocampus (HE, x200). a and b;
short time survivor, ¢ and d ; 2 days survivor, a and c ; CA1 region, b
and d ; CA3 region.

Fig. 9. Neuronal changes in hippocampus (MAP2, x200). a and b ;
short time survivor, ¢ and d ; 2 days survivor, a and ¢ ; CAl region, b
and d ; CA3 region.
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duration (Fig.9).

Neurotransmitter VIP could not be found in CAl, but
was stained in CA3 of a short time survivor. In the 2 days
survivor, VIP were weakly stained in CA 1 and strongly in
CA3. VIP serves as a means of protection against neuronal
damage such as ischemia (58). So, it is suspected that
VIP in neurons might be produced by a cell protection
mechanism (Fig. 10).

Hsps appears following stress, and has the ability to
resist against cell death. Hsp72 was observed in the CA3
region in both short and long term survivors (Fig. 11).

c-Fos is one gene product of apoptosis. Recently, it has
been suggested that c-Fos has a possibile relation to the
cascade mechanism against cell death. c-Fos was also
observed in the CA3 region in both short and long term
survivors. From these results, it was considered that
hsp72 and c-Fos resist cell death in the hippocampus
except in the CALl region (Fig. 12).

In the CAl region of short time survivors, b-FGF was
weakly stained. Neurons in CA3 of short time survivors
and both CA1 and CAS3 of 2 days survivors were stained by
b-FGF. Strongest staining was found in CA3 of 2 days
survivors. Basic-FGF is involved in the repair of damaged
neurons. So, it was suggested that neurons especially in
the CA 2 to CA 4 regions were repaired by b-FGF (Fig.13).

For the purpose of observing neuronal changes, the

' : i 2 T: :
Fig. 10. Neuronal changes in hippocampus (VIP, x200). a and b ;

short time survivor, ¢ and d ; 2 days survivor, a and c ; CA1 region, b
and d ; CA3 region.
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Fig. 11. Neuronal changes in hippocampus (hsp72, x200). a and b ;
short time survivor, c and d ; 2 days survivor, a and c ; CA1 region, b
and d ; CA3 region.
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Fig. 12. Neuronal changes in hippocampus (c-Fos, x200). a and b ;
short time survivor, ¢ and d ; 2 days survivor, a and c ; CAl region, b
and d ; CA3 region.
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Fig. 13. Neuronal changes in hippocampus (b-FGF, x200). aand b ;

short time survivor, c and d ; 2 days survivor, a and c ; CAl region, b
and d ; CA3 region.

hippocampus was examined. The degeneration of MAP2
was observed in all regions. Besides, VIP, Hsp72, c-Fos
and b-FGF were found in the hippocampus, especially in
regions from CA2 to CA4. From these results, it was
suggested that neurons in the hippocampus were injured
by diffuse brain damage, furthermore, repairing and
protective mechanisms occurred especially from CA2 to
CA4. In summary, it was considered that neuronal damage
in diffuse brain injury was elucidated not only morphol-
ogically but also functionally.

Diffuse brain damage induces not only axonal and
myelinal injury but also neuronal injury. Therefore, in the
cases suspected of diffuse brain damage, it is recommend
to examine the neuronal changes in addition to observing
the findings of diffuse axonal injury.

3. CAROTID BODY AND ITS CHANGES BY
STRANGULATION

Autopsy diagnosis of mechanical asphyxia depends on
the visual evaluation of injuries, and should also take into
account general signs, such as petechial hemorrhages,
cyanosis, congestion of organs, pulmonary edema, and
the fluidity of blood. It would also be of great value to find
evidence indicating a vital reaction to asphyxia.

In necropsy diagnostics, particularly with reference to
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compressive neck injuries, little attention is given to investi-
gating the carotid body, a small organ the size of a rice
grain situated in the carotid bifurcation fork (Fig.14) that
secretes the following neuropeptides:enkephalin, VIP (63),
and substance P (65). Therefore, in view of the anatomical
position of the carotid body and its physiological functions,
we have immunohistochemically studied the carotid body

Fig. 14. Macroscopic view of the carotid body (arrow).

Table 3. Histopathological findings of the chief cells.

of autopsy cases involving strangulation to determine
whether the findings can assist in achieving a diagnosis of
a compressive neck injury.

We collected carotid bodies from forensic autopsy
cases. Based on the cause of death, especially the position
of the strangulation mark and subcutaneous hemorrhage
and/or histological findings of the compressed skin, these
carotid bodies were classified into 4 groups : Group A, 6
cases of manual and/or ligature strangulation with a
mechanical force that had been applied to the neck near
the carotid body ; Group B, 3 cases of hanging and ligature
strangulation without the application of a mechanical force
near carotid body and one case in which the patient died
18 days after strangulation, and group C, 4 cases of other
types of asphyxia, i.e., smothering, choking or drowning.
Group D were carotid body controls, collected from 5
cases of sudden unexpected natural death.

Anti-human enkephalin antisera and anti-human VIP
antisera were used and immunohistochemical staining
was performed by the avidin-biotin peroxidase complex
(ABC) method. The appearance of the chief cells in the
carotid body after staining was the basis for classification.
If more than 60% of the cells were only lightly stained,
then the cell classification was thé light” type ; if 40-60%
appeared to be lightly stained, then the classification was
the' light and dark” type® Dark type” was less than 40%.
The diameter of the cell and nucleus of the chief cells was
measured.

Histopathological findings of carotid bodies are shown
in Table 3.

The immunohistopathological staining results against

Group Case Mair'1 type of Size(um) Anti- ' Anti-
No. chief cell Cell Nucleus Enkephalin VIP
1 light 33.8+ 8.2 140+ 15 0o oo
2 light 10.6+ 1.0 6.4+ 0.9 0o a
A 3 light 14.8+ 3.0 8.6t 1.5 0o 0o
4 light 122+ 19 8.1+ 14 0o 0
5 light 27.9% 6.3 13.0+ 1.7 0o oad
6 light & dark 120+ 14 6.4+ 0.5 0o oad
7 light & dark 1.7 5.8+ 1.2 oad oad
B 8 light & dark 1.6 6.2+ 0.4 oad oad
light & dark 0.7 48+ 0.4 O O
10 dark 9.6+ 0.8 5.6+ 0.5 0o 0o
c 11 light 10.2+ 1.2 6.0+ 0.6 0o 0o
12 dark 8.0+ 0.7 4.3+ 0.4 0o 0o
13 dark 9.0+ 0.6 5.7+ 0.5 0o 0o
N light & dark 109+ 1.9 5.6t 0.5 oad O
N dark 10.8+ 1.2 5.8+ 0.8 oad oad
D N dark 7.2+ 0.8 55+ 1.0 oad O
N dark 8.8+ 1.0 48+ 1.2 O O
N light & dark 9.0+ 1.3 5.5+ 0.5 O O
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Fig. 15. Carotid body from Case 14 (Group D). a : Hematoxylin and
eosin (x 100), b : Immunohistochemical staining for enkephalin (x 100).
Bar=50 um L :lightcell, D: dark cell, P : pyknotic cell.

enkephalin and VIP in the cytoplasm of the chief carotid
body cells were specific. This method provided clearer evi-
dence than the usual method of HE staining (Fig. 15), with
enkephalin showing a stronger reactivity than VIP (Table 3).
However from the results of immunohistochemical
staining for many cases, it should be noted that because of
autolysis, the immunoreactivities of these chief cells
decreased significantly 1-2 days after death.

The chief cells consisted of 3 types: light, dark, or
pyknotic, so designated from the cell's appearance on
reacting to HE staining. Light cells were considered to be

“ active”cells, and both the dark and the pyknotic cells
were considered to be inactive cells. The relationship of
dark cells to light cells is still uncertain (63).

In Group A, most of the chief cells were thé light” type,
with only a small number of dark and pyknotic cells. In
contrast, the number of dark cells was greater in groups
B, C, and D.

Furthermore, the diameters of the chief cells and their
nuclei were enlarged only in group A (Table 3, Fig.16).
The mean size of the chief cells in group A was 18.6+
9.8 um, and the mean nucleus size was 9.4+ 3.3um. In
groups B, C, and D, the mean size of the chief cells was
8.5+ 0.6 um, 9.2+ 0.9 um, and 9.3+ 1.5 um, respectively,
and the mean nucleus size was 5.6+ 0.7 um, 5.4+ 0.8 um,
and 5.4+ 0.4 um, respectively.

Since our findings have revealed the presence of light
or* active” cells in Group A, this indicates that chief cells
in the carotid body of these cases had synthesized and
secrete neuropeptides. Measurement of the diameters
of these chief cells and their nuclei revealed that the
cells and nuclei were enlarged only in Group A (Table 3,
Fig. 16). Moreover, results of an unpaired t-test calculation
between Group D (the controls) and groups A, B, and C,

e :
Fig. 16. Immunohistochemical staining for enkephalin. a: Case 1
(x 100), b : Case 5 (x 100). Bar=50 um

respectively, confirmed that in Group A both the chief cell
size (p=0.0693) and nucleus size (p=0.0262) were significantly
enlarged, and that all of these enlarged cells were the
light type (Fig. 16). And there was no correlation between
those chief cell findings and age, and sex, respectively.
Generally, neurotransmitters are secreted and synthesized
immediately reacting to stimulation. The large light cell is
in keeping with intense synthetic activity and the presumed
secretion (63). lll-defined borders of light cells indicate
secretion activity for secretion, and also show change-
ability of the cell shape. Thus, the larger cytoplasm and
nucleus of these chief cells in Group A, the majority being
the light type, are thought to be induced by a direct force
that affected the carotid body, so that these changes in the
chief cells can be a direct reaction to strangulation.
Immunohistochemical staining of the carotid body is poten-
tially very useful for necropsy diagnosis, since it provides
a method to detect evidence of mechanical asphyxia in
suspected cases of manual and/or ligature strangulation.
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