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Abstract

Stroke is the third leading cause of death in the Western world and
approximately 10 % of all deaths occur as a result of stroke in the
world. Determination of the time schedue of the occurrence of
pathologic events in a stroke patient is invaluable for a forensic
specidist. The am of this study was to define the schedue of
macroscopic and microscopic changes occurred in an experimental
anmal model of permanent focal ischemia. Mae Wistar rats
weighing 250- 350 g were used in this study. Animels were
anesthetized with ketamine and medetomidine. Permanent focal
ischemia was applied by the suture occlusion method. The animals
were divided in to 7 experimental groups (n= 4) with time schedules
including 1.5, 3, 6, 12, 24 and 72 hours and the sham. Brains were
harvested at the end of the determined time schedule. Harvested
brains which had visible well-demercated infarcts were used for the
study. Images of the brains were recorded. Later, brain samples were
fixed in formalin 10 % solutions for 24 hours and routine paraffin
procedure was applied. 5 pm sections of frontoparietal cortex were
prepared and stained with hematoxilen-eosin (H.E.) and evauated
under light microscope. Lesions were observed as pink areas in
frontoparietal cortex. The impression of the authors by the evaluation
of the brains with naked-eye was the enlargement and the darkening
of the infarct area until 24 hour period but there were great variations
among the animals for proposing an accurate definition of time from
the area and colour of the infarct. At 72 hour the infact was seen pale.
Edema couldn’t be observed in 1.5 hour and 72 hour periods with
naked eye. It was apparert at 6, 12 and 24 hours. Maximum edema
was at 24 hour according to the authors’ impression.

Stroke bati dinyasmdaki Oliim sebepleri arasmda 3. swrada yer
dmekta olup, dinyadaki tim o6lumlerin %10 u stroke sonucu
meydana gelmektedir. Adli tp uzmanlari igin stroke hastalarmda
patolojik  olaylarm meydana geliy zamannmn tammlanmasi paha
bigilmez degerdedir. Bu ¢aligmann amact deneysel kalici fokal
iskemli hayvan modellerinde meydana gelen mekroskobik ve
mikroskobik  degisikliklerin  semasm tanmlamaktr. Bu ¢alismada
250-350 g agrhgmda erkek Wistar sianlar kullanildi Hayvanlar
ketamine ve medetomidine ile anesteziye tabi tutuldu. Siitlir tikama
yontemi ile kalici fokal iskemi saglandi Hayvanlar 1.5, 3, 6, 12, 24,
72 saat zaman dilimlik ve sham olmak tizere 7 arastrma grubuna
(n=4) ayridi Beyinler zaman dilimi tammlamasi sonunda ¢ikarildi
Cikarllan beyinlerden belirli lezyon gozlenenler caligmada kullanildi
Beyinlerin resimleri kaydedildi. Daha sonra beyin ornekleri %10 luk
formalinde 24 saad fiske edildi ve rutin parafin yontemi uygulandi
Fronto parietal korteksten 5 pm lik kesitler alnarak hematoxilen-
eosin (H.E.) ile boyandi ve sk mikroskobu altnda degerlendirildi.
Lezyonlar frontoparietal kortekste pembe aanlar olarak gozendi.
Beyinlerin  ¢iplak  gozle arastrmasinda  arastwicilarm - gozlemlerine
gore 24 saatlk periyoda kadar infarkt alam genislemis ve
koyulagmisken hayvanlar arasmda bir ¢ok varyasyon bulunmasi
nedeniyle 72 saatte infarkt soluk olarak goriildi. Ciplak gozle 1.5
saat ve 72 saat periyotlarmda 6dem gozlenemedi. Odem 6, 12 ve 24.
saatlerde izlendi. Arastwicilarm izlemine gore maksimum O6dem 24.
saatte  idi. =~ Mikroskobik  olarak infarkt ¢ekirdegi  kortekte
degerlendirildi. Tim hayvanlarda III den V e kadar olan tabakalar
belirgin olarak etkilenmisti.
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Microscopically, the infarct core was evaluated in the cortex. Layers
Il to V were affected prominently in al animals. Two types of
neurons with swelling of the cytoplasm and shrinkage of the
cytoplasm and nucleus were observed together at 1.5 hour. Swelling
of dlial cells and astrocytic processes were other observations in this
time point. Triangulations of neurons were observed a 3 hour in
addition to the previous findings. Pyknosis and karyorhexis of the
nucleus of some neurons were discriminated a 6 hour. There was a
diffuse  palor of the eosnophilic background. A few
polymorphonuclear  leukocytes (PNL) irfiltrating the area was
present. Neurons with eosinophilic cytoplasm and pyknotic nucleus
(red neurons) appeared a 12 hour. Axonal sweling and the
prominent increase in the the number of PNLs was observed. The
number of neurons was decreased and red neurons were increased
promnertly at 24 hour. Vacuolation of dendrites were observed.
PNLs were more abundant in the region. Astrocytes were increased.
Pannecrosis was observed at 72 hour. Red neurons were still present.
The number of astrocytes was prominently increased. Histology of
the brain tissues of sham operated animals were evaluated as normal.
The resuits of this study provide clues which can be used by a
forensic sciertist for the determination of the time of death of stroke.

Forensic pathology, experimental focal brain ischemia, rats.

1. Introduction

Stroke is the third leading cause of death in the Western
world and approximetely 10 % of all deaths occur as a
result of stroke in the world.

Therefore, a forensic scientist has to evaluate the death
body of a stroke patient very often during his
professional life.

The term ‘stroke’ encompasses three different disorders
which are:

- ischemic stroke,
- intracerebral hemorrhage and
- subarachnoid hemorrhage.

The vast mgjority (75 %) of strokes are of the ischemic
type.

An ischemic stroke is the clinical manifestation of the
evert develops as a result of the occlusion of a large
intracranial artery.

The middle cerebral artery or one of its main branches
are the vessels most commonly involved by these
occlusive events.

The occlusion of an intracranial artery results in a
parenchymal |esion of the brain.

Stroke ultimetely involves neurological deficits which
reflect the location and size of the compromised brain
area and even the death.

Two areas can be discriminated in the ischemic territory:

The ‘core’ region with severe reduction of blood flow
and the peripheral zone of mild to moderate ischemia

2

1.5 saatte bir kismmnda stoplazmasi sismis, diger kismmnda ise
¢ekirdek ve stoplazmasi biiziismiis ki tip noron gozlendi Glial
hiicrelerde sisme ve astrositikk progesler bu zaman diliminde goriilen
diger degisikliklerdi. 3 saatte bir Onceki bulgulara ek olarak
noronlarda  triangulasyonlar izlendi. Baz noronlarda nikleuslarmda
piknoz ve Kkaryoreksis 6. saatte ayrd edilen degisikliklerdi.
Eozinofilik arka planda yaygm solgunluk vardi. Alanda birkag
polimorfoniklear 16kosit (PNL) irfiltrasyonu mevecuttu. 12 saatte
eosinofik ~ stoplazmali  ve piknotk nukleuslu néronlar  (kirmizi
noronlar) gorildii. Aksonal sisme ve PNL lerin sayismda belirgin
artiy izlendi. 24 saatte ndronlarn sayisi azalrken kwmizi néron sayist
hizla artmst.. Dendritlerde vakuollesme izlendi. PNL ler ¢ogunlukla
bu bolgeyi terk etmisti — Astrositler artmust. Pannekroz 72 saatte
gozlendi. Kwmzi ndronlar halen meveuttu..  Astrositlerin - sayis
belirgin olarak artmugt. Sham operasyonuna tabi tutulan hayvanlarda
beyin histolojisi normal olarak izlendi Bu ¢alismann sonuglari,
stroke  Olimlerinin - zamanlarmin  tayininde adli aragtricilar tarafindan
kullanilabilecek énemli ipuclart sunmaktadir.

Anahtar Kelimeler:

Adli patoloji, deneysel fokal beyin iskemisi, sianlar.

known as ‘penumbra’ adjacent to the core region.

Determination of the age of the lesion in a stroke patient
isinvaluable for aforensic scientist but it is very difficult
to provide useful clues directly from human subjects and
the number of such studies are limited.

Time course of the pathologic events can be determined
in an animal model and experimental model of focal
ischemia of the rat is a widely accepted model of human
stroke.

2. Aim

To define the schedule of macroscopic and microscopic
changes occurred in an experimental focal brain
ischemia in the rat in a way suitable for the practical
purposes of forensic specialist by using naked- eye
examination and a convertional staining technique.

3. Materials and methods

Forty- two male adult Wistar rats weighing 250- 350 g
were used.

They were
medetomidine.

Permanent focal ischemia of the right MCA was induced
by the suture occlusion model.

Experiments were terminated at predetermined time
intervals:

15, 3, 6, 12, 24 and 72 hours after MCA occlusion and
24 hours after the sham operation.

Brains were harvested after cardiovascular perfusion
withice- cold 0.9 % saline and 10 % formalin sol ution.

Only the brains which had well defined lesions were

anaesthesized with ketamine and

© COPYRIGHTS DEPARTMENT OF FORENSIC MEDICINE, MEDICAL SCHOOL.OF CELAL BAYARUNIVERSITY. MANISA-TURKEY

e-mail: cbuadlitipabd@yahoo.com web: http://cbuadlitip.tripod.com



mailto:cbuadlitipabd@yahoo.com
http://cbuadlitip.tripod.com

ARTICLE: 1118

used for the study.

All brains were evaluated with naked- eye examination
and images were recorded.

Hematoxylin-Eosin stained sections of the ischemic core
region were observed under alight microscope.

4. Results

All evaluations were done qualitatively but not
quantitatively.

Although there was an impression that a time-dependent
change occurred in size and colour, because of the great
variability and subjectivity of the findings, they couldn’t
be used to predict the age of the lesion.

There was a doubtful enlargement probably related to
edema at the right i schemic hemisphere at 6 hour.

Enlargement was apparent at 12 hour.
Prominent enlargement was observed at 24 hour.
Enlargement was doubtful again at 72 hour.

Figure-1. Gross appearances of 12 h ischemia and sham

Microscopically, layers Il to V of the frontoparietal
cortex were affected prominently in al animals in the
ipsilateral hemisphere.

15 h : Swelling or shrinkage of the perikarya and

nucleus of the neurons and swelling of the glial cells
and their processes

1.6 3h : More neurons were affected and in addition
to the previous findings triangulation of the neurons
and vacuol ation of neuropils were observed.

Figure-2. 1.5 hiischemia

3

6 h. : Neurons with pyknotik nucleus and karyorrhexis
were observed. PMNLs appeared around the blood
vessels.

12 h. : Cels with pyknotik nucleus and eosinophilic
cytoplasm (eosinophilic cells) appeared (first step of the
late ischemic damage). PMNLs observed in the
parenchyma. Swollen axons were present.
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Figure-3. 12 h ischemia

The brains of the shamoperated animals were
macroscopically and microscopically normal.

Figure-4. Sham

5. Discussion

The histopathologic changes occurred following MCA
occlusion in rats were confined to the region including
the ipsilateral preoptic area, caudoputamen and
frontoparietal cortex.

Among these three regions, lesion in the frontoparietal
cortex was easily definable and visible externally.

Ischemic core was preferred as the study region by
authors because of the easiness of the discrimination
than penumbra.

Convertional histological procedures as hematoxylin
eosin staining are less sensitive for detecting axonal and
oligodendrocyte damage than neuronal damage.

Therefore, ischemic core region in the gray matter of the
frontoparietal cortex was preferred and proposed to the
forensic scientists as the study region.

Analyses of the lesions and evaluation of the histologic
changes allows prediction of the approximate age of the
ischemic lesion.

1) Grossly no edema and histologically early ischemic
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damage: Less than 6 hours

2) Grossly doubtful edema and histologically more
numerous early ischemic damage and PMNLs around
the blood vessels: Between 6- 12 hours

3) Grossly apparent edema and histologicaly early
ischemic changes accompanies eosinophilic cells with
PMNLs in the parenchyma: 12 hours to less than 72
hours

a4

4) Grossly doubtful edema and histologicay
pannecrosis, abundant PMNL infiltration: Around 72
hours

6. Conclusion

The rat model of focal brain ischemia can be used to
develope basic concepts of an approach for age
determination of human brain infarct.
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