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Abstract

Background: It is widely accepted that the
Purkinje cells in the cerebellum and the cells in
the hippocampus are very vulnerable and
sensitive to hypoxic circumstance. Many
researchers believe firmly that the postmortem
tissues are not suitable to investigate signal
transduction in the cells, especially neurons.
Aim: However, we presumed that the
vulnerability might be result from reperfusion
occurred in the brain during agonal duration.
Then, using by means of immunohistochemical
method we examined the expression of hypoxia
related antigens in the hippocampus, the
cerebellum and the thalamus obtained from two
individuals who acutely died due to self-
strangulation without reperfusion of blood.
Methods and Results: We examined
morphological changes and expression of
hypoxic related antigens using conventional and
immunohistochemical techniques. There was no
remarkable damage such as pyknosis of the cell-
nuclei, and vacuolation of the cell-cytoplasm by
HE stain except weak edematous space around
the cells at light microscopic level.

The antibodies against hypoxic related antigens
showed reactivity with the cell cytoplasm or
nuclei corresponding to their specificity.
Although, anti Hypoxia inducible factor 1 alpha
(HIFle) antibody known as the most famous
one to detect hypoxic situation in the tissues
showed very weak or feeble reactivity,
antibodies against RNR binding protein motif 3
(RBM3), cold inducible RNA binding protein
(CIRBP), endothelial nitric oxygenase synthase
(eNOS), wvascular endothelial growth factor
(VEGF) and Heat shock protein 70 (HSP70)
showed better reactivity than that by HIFlain
those cells. The antibodies against apoptosis
related antigens such as Apoptosis inducible
factor (AIF), and tumor protein p53 (p53)
showed feeble reactivity with these cells. The
reactivity of anti eNOS antibody showed strange
results among the brain regions.

Conclusions: The results obtained from present
study may indicate that the brains obtained from
acute death individuals keep its morphology and
are in the signal pathway situation to protect
hypoxic brain damages and not in a process
from apoptotic to cell death.
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The brain tissues without blood reperfusion
might be utilize and reliable to evaluate and
examine the cell functions at microscopic level.

Keywords: Hypoxic brain damages, Hypoxia
related antigens, Acute hypoxic changes,
Immunohistochemistry.

INTRODUCTION

It has been widely accepted that self-ligature
strangulation was not able to make one’s death,
since lowering of consciousness occurred due to
stopping of blood supply to the brain and
subsequently the ligature was loosen when one
would perform squeezing one’s neck surface
without apparatus for fixing the ligature.
However, it is a fact that in forensic death
investigation cases we have experienced and
encountered self-strangulation death cases. We
indicated in a previous report (1) that when one
could keep the tension of a ligature at 5 Kg that
is essential force to obstruct the cervical artery,
after losing one’s consciousness, two routes of
blood stream to the brain may be stopped, and
the tension with 2 Kg that is essential force to
obstruct the internal jugular vein, could obstruct
return-way to the heart and increase intracranial
pressure. And we also described that the death
mechanism including  physiological- and
anatomical-perspective view in a previous report
).

As a confirmation of our assumption concerning
with performing self-strangulated death, Morita
et al (3), reported a rare case in which a 71 year-

old man was found dead on his bed, and it was

concluded by police investigation that he died
due to stopping of returning of venous blood to
the heart by compression of his neck-surface
with a string drawn by a dumbbell with 3kg in
weight. It is well known that the brain is
particularly susceptible to interferences with its
blood supply. In the absence of blood flow, and
therefore of oxygen, the energy reserves of the
brain are capable of sustaining ATP levels for
about 1 min (4). We experienced one video
recorded hanging case where a man attempt
hanging and died within three minutes after his
performance hanging (5).

In the adult human brain, acute hypoxic episodes
result in a certain pattern of neuronal cell
damage from which a hierarchy of neuronal
vulnerability can be formed. Among the most
sensitive regions are the "older" brain structures
like hippocampus and cerebellum. In these
structures, the typical picture is loss of
pyramidal and Purkinje cells. Also, the neo-
cortex is among the vulnerable structures, and
often a characteristic laminar neuron loss is
found. (6). Recently, it has been described that
the Purkinje cells in the cerebellum and the cells
in the hippocampus are very vulnerable and
sensitive to hypoxic situation. However, the
changes of these cells were observed in the cases
where the death occurred after one day of event
occurrence and re-perfusion of the brain was
usually accompanied (7). In addition, these
describing concerning to the neuronal damages
were limited in cases where reperfusion in the

brain occurred.
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In our experience the level of pathological
damaging of the granular cell layer of the
cerebellum was severely in a hanging death with
24 hours reperfusion than those of a Kkilled
female by manual strangulation case in which
her body was buried in a garden for 42 days (8).

Since no study has examined the expression of
hypoxia related antigens in the hippocampus and
cerebellum of individuals who acutely and
directly died due to self-strangulation, we
examined the expression patterns of the hypoxic,
apoptotic related antigens in the cerebellum and
the hippocampus obtained from two victims who
died due to self-strangulation using a T-shirt or a

cotton rope (2).
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MATERIALS AND METHODS
Slice of the hippocampus, thalamus and the
cerebellum containing dentate nucleus from two
victims at autopsy, Department of Legal
Medicine, Shiga University of Medical Science.
After fixed by 10% of formalin,

embedded blocks were prepared and each block

paraffin

was cut with 3 um to mount on a slid-glasses.
Non-specific binding was blocked for 1 h in
suitable serum. The slides were incubated with
different antibodies overnight at 4 C. The
antibodies used in this study were listed in
Table 1. Biotinylated antibodies and the avidin-

biotin complex were applied for 90 min.

Table 1. Characteristics of the antibodies used in this study
Antibody Maker Clone Species fer"(tiigef/:l incubation A(;::ﬂ?::-
CIRBP Protein Tech  10209-2-AP Rabbit autoclave overnight 1:400
RBM3 Protein Tech  14363-1-AP Rabbit autoclave overnight 1:400
HSP70 santa cruz polyclonal Goat autoclave overnight 1:400
HIF-1a Novus NB100-479 Rabbit autoclave overnight 1:400
VEGF Milipore JH121 Mouse autoclave overnight 1:400
eNOS Gene Tex polyclonal Rabbit autoclave overnight pre-diluted
AlF-at LSBio aa-593-606 Rabbit autoclave overnight 1:400
P53 santa cruz FL-393 Goat autoclave overnight 1:400
cFOS Gene Tex polyclonal: Rabbit autoclave overnight 1:800
Ngb :ﬂg'F\{/lléH polyclonal Rabbit autoclave overnight 1:400
Wnt Novus 6F2 Mouse autoclave overnight 1:400
SIRT1 Novus E104 Rabbit autoclave overnight 1:400
CCCS Leica 10A6 Mouse autoclave overnight 1:400
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Finally, diaminobenzidine (DAB) was added fro
5 min for visualization. At each step, slide
glasses were washed by phosphate buffered
saline. Slides were dehydrated, dried, and

covered with a cover glass.

RESULTS

1. HE staining

There was no remarkable decreasing of number
of cells in granular cells and morphological
changes of the cell nuclei in the cerebellum and
hippocampus  dentate gyrus. The same
morphological situation was observed in other
region of hippocampus containing C1 to C4
regions, the cerebellum containing the Purkinje
cells and dentate nucleus and the neurons in the

thalamus from two individuals.

2. Immunohistochemical staining

2-1 The hippocampus

Antibodies against RBM3, CIRBP, e-NOS,
HSP70, VGEF and Neuro globurin (Ngb) could
stain the cells in granular cells of dentate gyrus,
and the cells in C1 to C4 regions showing
different stainability by each antibody. For
example, anti RBM3 and CIRBP stained nuclei
with clear and intensive reactivity, and other
antibodies such as VGEF, HSP70 and e-NOS
stained cytoplasm of the cells with moderate
reactivity. Anti Ngb showed weak reactivity
with cytoplasm. On the other hands, antibodies
against HIF1, SIRT1, p53, AlFo, and CCC9
showed no reactivity in these cells. The staining
results of the granular cell layer are shown in the
Photo 1.

HIF-1 VGEF
RBM3 CIRBP
SIRT1 Ngb

eNOs

HSP70

Photo 1. Staining results
of the hippocampus by
antibodies used in

this study.
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2-2 The thalamus

Antibodies against RBM3, CIRBP and eNOS
showed clear and good reactivity with the nuclei
or cytoplasm of neurons in the thalamus.
Antibodies against HSP70, and VEGF showed
weak or moderate reactivity with the neurons.
Antibodies against SIRT, HIFla, p53, AIF and
CCC9 showed feeble reactivity with neurons in
the thalamus.

2-3 The cerebellum

Antibodies against CIRBP and RBM3 showed
clear reactivity with the cells in the granular cell
layer and anti HSP70 antibody showed weak
reactivity with these cells. However antibodies
against HIFla, SIRT 1, Ngb, cFOS and P53
showed no reactivity with these cells.

The Purkinje cells showed intensive reactivity
with CIRBP and RBM3 in the nuclei and weak
reactivity with Ngb, c-FOS, CC9 and P53 in
cytoplasm of them. No reactivity was observed
with antibodies against HSP70, HIFla, SIRT1
and eNOS in the Purkinje cells. There was one
different in the stain-ability of the Purkinje cells
between anti RBM3 and CIRBP antibodies. Anti
RBM3 reacted only with nuclei and anti CIRBP
reacted both with nuclei and cytoplasm of the
Purkinje cells. The cells in the molecular layer
showed intensive with anti CIRBP and RBM3
antibodies, moderate with antibodies against
CC9, SIRT1, HIFloand HSP70. Anti HSP70
showed clear reactivity with the cells in the

Purkinje cell line.

Photo 2. Staining results of the
cerebellum.

The Purkinje cells were stained by
anti RBM3,but not by anti eNOS,
however anti eNOS stained the
cells in dentate nucleus of the
cerebellum.
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Regarding to the cells in the dentate nucleus all
antibodies except anti SIRT1, AlIF1 and VEGF
antibodies showed reactivity in a variety of
stain-ability. Although anti eNOS showed no
reactivity with Purkinje cells and cells of
molecular layer, this antibody showed clear
reactivity in the cells of the dentate nucleus as
shown in Photo 2 with extension of the reaction
time at each step.

3. Choroid plexus

In the choroid plexus the staining results were
dissociated by those obtained from other
regions. Although the staining intensity was
different among the antibodies, all antibodies
showed good reactivity with the cell in the
choroid plexus. Staining results were shown in
Photo 3.

4. Summary of staining results

Each region collected from brains of individuals
who died due to self-strangulation has kept
stain-ability by antibodies against hypoxic
related antigens although the staining intensity
was different among the antibodies. The
stainability of each antibody was similar

between two individuals.

DISCUSSION

The present and previous observations (8) with
HE stain indicate that brain tissues obtained
from acute deaths without reperfusion of blood
stream are reliable and useful to examine
histochemical characteristics of human post-

mortem brain.

Photo 3. Staining results of
choroid plexus.

All antibodies used in this study
could stain the cells in the
choroid plexus.
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The brain is the organ that is most susceptible to
a variety of hypoxic insults such as are brought
about by cardiac arrest, status epilepticus and
hypoglycemia in clinical medicine (9). In
addition to them, there are many insults such as
drowning, chest- and neck-compression and
anaphylaxis shock in forensic field.

We previously studied the expression of hypoxic
related antigens such as HIF1a, SIRT1, RBM3,
CIRBP, e-NOS, HSP70, VGEF and Ngb in the
thalamus obtained from two case of self-ligature
strangulation death (2).

Malhotra et al (10) and Carmeliet et al (11)
reported that HIF1 played a master regulatory
role in the cellular response to hypoxia. In
certain circumstances and in certain cell types,
HIF1 promoted apoptosis in the presence of
hypoxia, especially when other cellular energy
substrates were lacking. It is now well accepted
that hypoxic-ischemic brain damage following
asphyxia and/or blood flow disruption occurs in
a biphasic manner, which are necrosis and
apoptosis (12). Since the decubitus ulcer does
not occur during postmortem interval, the
decubitus ulcer occurs in reperfusion of blood
supply after sever compression of the skin,
during reperfusion with progressing of the
cascade of signal pathway, apoptosis or necrosis
of the skin become to be reliable and be
remarkable.

Dalkara et al (13) reported that enhanced NO
production within the cerebral vasculature
protects brain tissue during focal ischemia via

hemodynamic mechanisms whereas neuronal
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overproduction may facilitate or mediate
neurotoxicity. Samdani et al (14) described that
eNOS plays a prominent role in maintaining
cerebral blood flow and preventing neuronal
injury. Bolanos JP and Almerida A (15) reported
that activation of nNOS or induction of iNOS
mediates ischemic brain damage, possibly by
mitochondrial dysfunction and energy depletion.
However, eNOS activation within the
endothelium of blood vessels mediates
vasodilatation and hence increases blood flow to
the damaged brain area. Although few works
show e-NOs location in the cerebellum, studies
by Hernandez et al (16) and Shin et al (17) have
found e-NOs in Purkinje cells and neurons of the
cerebellum nucleus. Iwase et al (18) suggested
that brain eNOS is involved in early
pathophysiological response against systemic
infection before INOS is induced with
progression of the infection. In the present study
anti eNOS antibody showed intensive reactivity
with the cytoplasm of cells in the dentate
nucleus of the cerebellum, however feeble
reactivity was detected in the Purkinje cells.
This phenomenon is not consistent with the
reports described above. The expression of
eNOS might not detected due to delay of signal
cascade in cells, since the expression of eNOS
was related with the expression of HIFla (19)
and the feeble expression of HIFla was
observed in this study. It is well accepted that
HIF1 which closely relate with the prevention of
hypoxic control and manages to expression of
VEGF, and the expression of VEGF is
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connected with the expression of e-NOs, since
Qing et al (19) have proposed that the response
to hypoxia is primarily mediated by the
transcription factor hypoxia-inducible factor-1
(HIF-1) which leads to the induction of a variety
of adaptive gene products including VEGF and
eNOS.

In our examinations indicated that expression
manner between RBM3 and HIF1a was different
in the substantia nigra (20, 21) obtained from
same individuals and expression of RBM3 was
more intensive compared with that of eNOS
(22), showing expression of RBM3 was
independent of cascade in HIF1a pathway.
Although the signaling cascades upstream and
downstream of RBM3 and CIRBP remain to be
elucidated, the up-regulation of RBM3 and
CIRBP in the case of hypothermic (23) and
hypoxic/ischemic deaths may rescue neuronal
cells from apoptosis. Smart et al (24) reported
that RBM was expressed in multiple brain
regions, with the highest levels in cerebellum
and in dissociated neurons RBM3 was observed
in nuclei and in a heterogenous population of
granules within dendrites, and RBM3 plays a
distinctive role in enhancing translation in
neurons. In our experiences no expression of
RBM3 was observed in the nuclei inside the
acute infarcted area of the myocardium (25) and
nuclei in the substantia nigra cells from the
victims with cirrhosis or brain crush (22).
Regarding to expression of RBM3 and eNOS,
we experienced that although both antigens

could be detected in ischemic area of the cardiac

tissue where located surrounding of cardiac
infarction area, weak reactivity with anti eNOS
antibody was observed and no reactivity with
anti RBM3 was recognized inside the infarction
area (25). This experience indicate that
expression of both antigens are also independent
each other.

The future study will be undertaken with the aim
of answering the question; is the expression
pattern of antigens examined in this study in C1
to C4 areas, dentate gyrus of the hippocampus
and in the cerebellum similar or different
compared with those of the basal ganglia and the
hypothalamus?

SUMMARY

The degree of damages occurred in the brain
cells due to ischemic is based on the period of
agonal duration and re-perfusion. The brain
tissues obtained from acute and direct death
individuals may be appropriate to examine the
cascade and/or signal pathway in the cells, since
many antigens, such as eNOS, RBM3, ICRBP,
VGEF, and HSP, were expressed in the hypoxic
situation even in the hippocampus and/or the
Purkinje cells known as the most vulnerable
regions in the brain, and no or feeble expression
of apoptotic and inflammatory antigens were

observed in those regions.
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