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Presentation of the change in the number of hippocampal neurons by
stereological method in surviving cases of mechanical asphyxia:
An experimental rat study

Cuneyt Destan Cenger', Ayse Kurtulus®', Kemalettin Acar’, Bora Boz’

Abstract: Asphyxia is the most common death cause in Forensic Medicine. Strangulations do not always result in
death. Cases recovering from asphyxia have many disturbances in different organs because of ischemia.

In this study, using stereological methods, after asphyxia was performed by strangulation, the mean number of pyramidal
neurons in hippocampus was aimed to evaluate. Rats are divided into two groups. The first one was the control group and the
other one was asphyxiated by strangulation. The brains of strangulated group rats were extracted after seven days. Sections were
taken by cryostat with the method of “Systematic Randomised Sample Strategy” and stained with hematoxylen-eosin. In these

sections, total pyramidal neuronal numbers in hippocampus were determined by the “Optical Fractioning Method”.

In our study, the mean cell number of asphyxiated group (158985,2+17439,8) was significantly less in the control group
(265689,4+39009,5) (p=0.009). In conclusion, strangulation-induced asphyxia is resulted in hippocampal neuronal lost.
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Asphyxia is defined as the interruption
in the exchange of blood, oxygen
and carbon dioxide in the body [1,2]. Mechanical
asphyxia involves the mechanical interruption of
oxygen and carbon dioxide exchange in the case
of strangulation which has three forms as hanging,
ligature and manual.

Death occurs as a result of reflex cardiac arrest
caused by the closure of air passages, compression
of neck vessels or stimulation of glomus caroticus
and baroreceptors in the neck [1,3]. However, not
all strangulations result in death [4,5]. For example,
30% of the hanging cases survive after hanging [5].

Several systems, primarily the central nervous
system, is affected by systemic hypoxia and decrease
of cerebral blood flow caused by strangulation-
induced interruption of 02—C02 exchange [6]. While
amnesia is the most common finding seen in people

who survive strangulation, psychic disorders are also
observed [3].

Strangulation-induced brain damage may be
presented in hippocampus, an area which is typically
affected the most from hypoxia and ischemia.
Previous studies reported a relationship between
hippocampus and amnesia [7]. Memory is reported
to be affected in patients with a lesion affecting the
hippocampus [8,9].

Total neuron number may best be determined
by stereological count which is essentially an
unbiased and effective method [10]. Stereology is a
science that tries to obtain numeric data about the
geometrical features of a three dimensional object,
such as volume, surface area, number and length, by
using two dimensional section planes. It is effective
because it gives the most reliable results in the
shortest time [11,12,13].
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Our study aimed to determine the mean
number of hippocampus pyramidal neurons by
using stereological methods after strangulation in
rats and to examine the effect of post-strangulation
hippocampal damage on the number of hippocampus
pyramidal neuron.

Material and Method

The study was initiated after the ethical
committee approval was received from the Committee
on Animal Research Ethics of the Faculty of Medicine
at Pamukkale University. The study was conducted at
the Experimental Research Laboratory of the Faculty
of Medicine of Pamukkale University, Department
of Forensic Medicine of the Faculty of Medicine
of Pamukkale University, and the Department of
Pathology of the Faculty of Medicine of Pamukkale
University. Hippocampus total pyramidal neuron
number was evaluated by systematic random sampling
strategy, the fractionator and optical dissector.

Animals

In our study, we used 4-5 months old 10
Winstar Albino females weighing 165-290 grams.
The rats were placed into special cages with plastic at
the bottom and wire at the top. Throughout the study,
all rats were kept in room temperature (22 + 2 oC),
at 50+5% humidity, and in an environment with 12-
hour light-darkness cycle and easily accessed food
and water.

Rats were selected by random sampling
method and divided into control (n=5) and experiment
(n=5) groups.

Formation of the strangulation model

Five rats in the experiment group were put
under deep anesthesia by intramuscular administration
of 5 mg/kg xylazine hydrochloride and 90 mg/kg
ketamine hydrochloride combination. After deep
anesthesia, rats were placed on the operation board.
Blood oxygen levels of rats were monitored during
the operation by using pulse oximeter. 2-mm thick
string was placed around the neck in a way to wrap
around the neck once, and free ends were passed
through the holes of the operation board.

A weight of 1,226 Newton was attached to
each free end of the string. Strangulation was applied
for five minutes and asphyxia (hypoxia-ischemia)
was created [14]. In rats with blood oxygen level of
40-50%, strangulation was removed and reperfusion
was applied. 5 mg/kg xylazine hydrochloride and
90 mg/kg ketamine hydrochloride combination was
administered intramuscularly to the rats in the control
group in order to exclude the effect of deep anesthesia
on hippocampus. The rats in experimental and control
groups were monitored for seven days under the same
environment conditions, but in different cages.

96

Preparing the tissue and obtaining the sections
At the end of day seven, ten rats including
the control group were put under deep anesthesia and
sacrificed by cervical dislocation. The brains were

removed and placed into cryostat (Leica CM3050)
adjusted beforehand to -50°C, and tissue fixation
was achieved by fast freezing. Frozen brains were
then cut into pieces of 150 um in thickness on a
horizontal plane by cryostat at -15°C. In accordance
with systematic random sampling method, section
sampling rate was determined by throwing away two
successive sections after the first one and taking the
third section (SeSR=1/3). The obtained sections were
stained with hematoxylin-eosin (HE).

Stereologic analysis

Microscopic images obtained from pyramidal
cell layers in the hippocampus using x100 oil-
immersion lens (N.A. 1.25) with a microscope (Nicon
Eclipe E 600) were transferred to a monitor (Sony
Trinitron Color Video Monitor PVM- 14N1MDE)
using a video camera (Hitachi OSP Color Video
Camera VK- C220E).

Sampling rate, which is one of the parameters
to be used in calculating total cell number according
to optic dissection method, was measured as 1/162
(unbiased counting frame area was 144 pm2, and x,
y stepping area was 23328 um?2). x, y stepping area
was measured by the method defined by Adiguzel et
al. [15].

Section thickness and dissector height
was measured by micro-screw calibration method
developed by Korkmaz and Tumkaya [16]. Thickness
sampling fraction was calculated by dividing
dissector height (h) by mean section thickness (t)
for each rat (tsf = h/t). Hippocampus total pyramidal
neuron number (Ntotal) for each rat was calculated
by using the following formula [17]:

Ntotal = (ZQ ) x (1/ssf) x (1/asf) x (1/tsf)

¥Q : The total number of neurons counted
in the dissectors on the sampled sections, Ssf: The
section sampling fraction or the fraction of the
sections sampled, Asf: The area sampling fraction,
Tsf: The section thickness sampling fraction (h/tort),
t: The mean thickness of the sections (um), h: The
height of the dissector (um).

As each pyramidal cell has a single nucleus,
nucleus numbers were taken as cell numbers in the
calculations. In the pyramidal layer, there are basket
cells with a low rate of approximately 1% besides
pyramidal cells. Since basket cell nuclei are similar
to pyramidal cell nuclei, total neuron number was
calculated in a way to include these cells as well.
Inclusion of these cells to the count does not affect
the study [17].
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The coefficient of error (CE)

Adequacy of the sampling plan was controlled
by calculating the coefficient of error for each rat.
Number of sections counted for each rat and number
of dissector particles counted for each section (Q-)
were used in the calculation of CE.

Error coefficient was found to be below 10%,
showing the adequacy of the sampling plan and the
reliability of the study [17].

Statistical method

Statistical analyses were performed by using
SPSS 13.0 for Windows statistical method. Mann-
Whitney U test was used basically in statistical
analysis.

Results

The mean number of neurons in the control
group was calculated as 265689,4+£39009,5. The
mean number of neurons in the group exposed to
asphyxia due to strangulation was calculated as
158985,2+17439,8, and this value was lower than
that of the control group to a statistically significant
extent (p=0,009). This study showed that there was a
statistically significant difference between the mean
total numbers of both groups (Mann-Whitney U test;
p=0,009).

The mean of hippocampus total pyramidal
neuron numbers of rats in both groups are given in
Figure 1 and Figure 2 presents the hippocampus images
of rats in the control group and in the strangulated
group, with magnifications of x40 and x100.

The CE for the sampling scheme in this study
was between 0.010 and 0.016.

Discussion

Primary articles on strangulation in forensic
medicine literature are about these postmortem
findings [1,2,3]. However, not all these strangulation
cases result in death [4,5]. It affects many systems in
the body, primarily the central nervous system [6].

Cerebral injury occursinas aresult ofhypoxia-
ischemia (asphyxia) caused by the occlusion of the
vessels leading to the brain due to the compression in
the neck and the closure of air way passages during
strangulation [1].

In a study presenting the physical findings
of victims who survived after strangulation; early
and late mental state changes secondary to hypoxia,
amnesia, psychosis, epilepsy, choreic movements,
focus signs, progressive irreversible encephalopathy
were reported [18]. Symptoms like hyperventilation,
memory loss and wuncontrolled shivering were
reported in 7% of the cases exposed to strangulation
[18].

Studies have demonstrated a relationship
between hippocampus and amnesia [7]. In a patient
with a lesion affecting the hippocampus, it was
observed that short-term memory loss did not develop
into long-term memory loss (anterograde amnesia)
[8,9].

Anterograde ammnesia induced by hanging
and similar to Korsakoff’s syndrome was identified.
Two cases with hanging-related anterograde amnesia
and without nuerological finding except mild
bradykinesia and tremor were presented. Neurological
and neuropsychological symptoms in these two cases
developed after the hanging episode.
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Figure 1. The total pyramidal neuron numbers of hippocampus in control and strangulated groups. Values are mean + SD. The
total number of hippocampus pyramidal neurons in rats for strangulated group were significantly decreased according to control

group (Mann-Whitney U test, p< 0,05).
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Figure 2. Micrographs of hippocampus stained with hematoxylen-eosin. A: the control group, x40; B: the strangulated group,

x40; C: the control group, x100; D: the strangulated group, x100.

It was noted that the body weight effect of the
string and its impairing effect on circulation may lead
to ischemic hippocampal damage and amnesia [19].

In the death of neurons in the brain, caspase-
dependent apoptosis is the main cause of death. In
addition, death related to autophagy, morphological
and mechanical changes may also be seen. In cerebral
ischemia which causes excitotoxic neuron death,
different cell death programs may be activated and
different manifestations may occur.

Necrotic, apoptotic cascade or apoptotic-
necrotic cascade may possibly be seen, depending on
the affected subject’s age and the affected area. Injury
begins after ischemia and end on day five [20,21].

Pyramidal cells in the hippocampus are
highly sensitive to hypoxia-ischemia [22]. Transient
ischemia leads to damage in specific areas of the
brain, such as CAl area, resulting in neuron death.
In the histological evaluation of the hippocampus
of a 63-year-old female patient who died nine days
after transient cardiac arrest at cardiac surgery, it was
shown that almost all the neurons especially in CA1
area were dead [21].

Lateneuroninjury is knownto occur especially
in area CA1 in the hippocampus during post-ischemia
reperfusion [10,21,23]. While histological changes
occur for the first time 2-3 days after ischemia in the
pyramidal cells in CAl area, they become distinct
on days five and seven [21,23]. In recent studies, a
decrease in total neuron numbers was reported in all
areas except CA2 in rat hippocampus 14 days after
ischemia induced by cardiac arrest [10]. CA2 area in
mammal hippocampuses is known to be resistant to
ischemia and, thus, neural death is delayed [10,24].

While pyramidal cells in CA1 area degenerate
5-10 minutes after ischemia, dentate gyrus neurons
and those in CA3 area are protected. CA3 area is more
resistant to ischemia compared to CAl area [24,25].
Asphyxia-related brain damage may be seen in the
hippocampus which is typically the area most affected
from hypoxia and ischemia [7]. In our study, the
effect of strangulation-related hypoxia and ischemia
on the brain was evaluated in rat hippocampus.

Zola-Morgan et al. presented the clinical
and histological findings of a case who experienced
memory loss after ischemic episode, and reported
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anterograde memory loss, bilateral damage in CAl
area, and low level of injury in other areas of the
brain [7].

Consequently, the lesion in hippocampus
leads to amnesia. Holdstock et al. reported a case with
bilateral hippocampal damage and global anterograde
amnesia [26].

Ischemia causes a damage which results
in the death of neurons in brain areas [21]. Since
neurons are the main unit of the nervous system, total
neuron number is the most important criterion in the
evaluation of the results of ischemia that affects the
central nervous system [10].

In the studies conducted on rats to investigate
the effect of ischemia on hippocampus, a decrease in
the neuron numbers in CAl area and post-ischemia
atrophy in CAl area were reported [27-29]. Herguido

et al. determined a significant difference between the
mean total neuron numbers in CA1 area in the control
group and the groups exposed to ischemia [27].

Wu et al. detected a decrease in the neuron
numbers in hippocampus CA3 and CA1 areas in rats
[30]. Plamondon et al. observed rats for 180 days after
3-6 minutes of ischemia, and reported that pyramidal
neuron numbers in CA1 area decreased compared to
the controls, and ischemic rats in the first 15 minutes
after ischemia were more active than the controls
[29].

In this study, a decrease of total number in
hippocampus pyramidal neuron occured in as a
result of hypoxia-ischemia (asphyxia) caused by the
occlusion of the vessels leading to the brain due to
the compression in the neck and the closure of air

—_

way passages during strangulation.

References
Di Maio VIM, Dana SE, editors. Forensic Pathology. U.S.A: Landes Biosciense 1998: 137-45.

2. Knight B, Saukko P. Knight’s Forensic Pathology. London: E Arnold, 2004: 352-67.

3. Koc S, Ozaslan A. Asphyxia, hanging, strangulation, suffocation, chemical asphyxiants. Editors: Soysal Z, Cakalir C. Forensic
Medicine, Press of Istanbul University, Istanbul, pp. 1999: 405-57.

4. Shields LBE, Corey TS, Weakley-Jones B, Stewart D. Living victims of strangulation A 10- year review of cases in a metropolitan
community. Am J Forensic Med Pathol 2010; 31: 1-6.

5. Gunnell D, Bennewith O, Hawton K, Simkin S, Kapur N. The epidemiology and prevention of suicide by hanging: A systematic
rewiev international. J Epidemiol 2005; 34: 433-42.

6. Azmak D. Asphyxial deaths a retrospective study and review of the literature. Am J Forensic Med Pathol 2006; 27: 134-44.

7. Zola-Morgan S, Squire LR, Amaral DG. Human amnesia and the medial temporal region: enduring memory impairment gollowing
a bilateral lesion limited to field CA1 of the hippocampus. J Neurosci 1986; 6: 2950-67.

8. Guyton AC, Hall JE. Medical Physiology. Nobel Medical Bookstores, Istanbul, pp. 2001: 432-688.

9. Taner D. Functional Neuroanatomy. Middle East Technical University Publishing, Ankara, pp. 2005: 226-31.

10. Canan S, Pakkenberg B, Kaplan S, Aslan H. A stereological investigation on the effects of forebrain ischemia on hippocampal
neuron number in chick. Neurosci Res Commun 2002; 1: 27-33.

11. Gundersen HJG, Bagger P, Bentsen TF, Evans SM, Korbo L, Marcussen N et al. The new stereological tools: disektor, fractionator,
nucleator and point sampled intercept and their use in pathological research and diagnosis. APMIS 1988; 96: 857-81.

12. Gundersen HJG, Bendtsen TF, Korbo L, Marcussen N, Moller A, Niesen K et al. Some new, simple and efficient stercological
methods and their use in pathological research and diagnosis. APMIS 1988; 96: 379-94.

13. Sterio DC. The unbiased estimation of number and sizes of arbitrary particles using the disector. J Microsc 1984; 134: 127-36.

14. Hirvonen J, Kortelainen M-L, Huttunen P. Pulmonary and serum surfactant phospholipids and serum catecholamines in strangulation
An experimental study on rats. Forensic Sci Int 1997; 90: 17-24.

15. Adiguzel E, Duzcan SE, Akdogan I, Tufan AC. A simple low-cost method for two dimensional microscopic measuring and stepping
on the microscopic plate. Neuroanatomy 2003; 2: 6-8.

16. Korkmaz A, Tumkaya L. Estimation of the section thickness and optical disektor height with a simple calibration method. J Microsc
1997; 187: 104-9.

17. West MJ, Siomianka L, Gundersen HJG. Unbiased stereological estimation of the total number of neurons in the subdivisions of the
rat hippocampus using the optical fractionator. Anat Rec 1991; 231: 482-97.

18. McClane GE, Strack GB, Hawley D. A rewiev of 300 attempted strangulation cases part II: Clinical evulation of the surviving
victim. J Emerg Med 2001; 21: 311-15.

19. Medalia AA, Merriam AE, Ehrenreich JH. The neuropsycohological sequelae of attempted hanging. J Neurol Neurosurg Psychiatry
1991; 54: 546-48.

20. Walton M, Connor B, Lawlor P, Young D, Sirimanne E, Gluckman P et al. Neuronal death and survival in two models of hypoxic-
ischemic brain damage. Brain Res 1999; 29: 137-68.

21. Yamashima T. Ca+2-dependent proteases in ischemic neuronal death A conserved ‘calpain-cathepsin cascade’ from nematodes to
primates. Cell Calcium 2004; 36: 285-93.

22. Yilmaz I, Adiguzel E, Akdogan I, Kaya E, Hatip-Al-Khatib 1. Effects of second generation tetracyclines on penicillin-epilepsy-
induced hippocampal neuronal loss and motor incoordination in rats. Life Sci 2006; 79: 784-90.

23. Rami A, Jansen S, Giesser I, Winckler J. Post-ischemic activation of caspase-3 in the rat hippocampus. Neurochem Int 2003; 43:
211-23.

24. Shamloo M, Rytter A, Wieloch T. Activation of the extracellular signal-regulated protein kinase cascade in the hippocampal CA1
region in a rat model of global cerebral ischemic preconditioning. Neuroscience 1999; 93: 81-89.

25.

Joelving FC, Billeskov R, Christensen JR, West M, Pakkenberg B. Hippocampal neuron and glial cell numbers in Parkinson’s
disease-a stereological study. Hippocampus 2006; 16: 826-33.

99



Kurtulus A. et al Presentation of the change in the number of hippocampal neurons by stereological method

26. Holdstock JS, Mayes AR, Gong QY, Roberts N, Kapur N. Item recognition is less impaired than recall and associate recognition in
a patient with selective hippocampal damage. Hippocampus 2005; 15: 203-15.

27. Herguido MJ, Carceller F, Roda JM, Avendano C. Hippocampal cell loss in transient global serebral ischemia in rats: A critical
assesment. Neuroscience 1999; 93: 71-80.

28. Langdon KD, Granter-Button S, Corbett D. Persistent behavioral impairments and neuroinflammation following global ischemia in
the rat. Eur J Neurosci 2008; 28: 2310-18.

29. Plamondon H, Davignon G, Khan S, Charron C. Cerebral ischemic preconditioning induces lasting effects on CA1 neuronal
survival, prevents memory impairments but not ischemia-induced hyperactivity. Behav Brain Res 2008; 189: 145-51.

30. Wu CP, Cheung G, Rakhshani N, Parvardeh S, Nassiri Asl M, Huang HL, et al. CA3 neuronal activities of dorsal and ventral
hippocampus are differentially altered in rats after prolonged post-ischemic survival. Neuroscience 2005; 130: 527-39.

100



