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= Abstract=

Experimental Analysis in the Reversible and Irreversible
Cerebral Ischemic Models in the Rat

Kwang Chul Song, M.D., Byung Yon Choi, M.D., Seong Ho Kim, M.D.,
Jang Ho Bae, M.D., Oh Lyong Kim, M.D., Soo Ho Cho, M.D.

Department of Neurosurgery, Yeungnam University, College of Medicine, Taegu, Korea

reversible and irreversible cerebral ischemic models with rats by staining with Neutral Red(NR) solusion, 2%
2,3,5—triphenyltetrazolium chloride(TTC) and Hematoxylin & Eosin(H & E).

MethodsO We have measured the range of cerebral infarction in the rat to get a suitable ischemic model along the
object of study with and without craniectomy. With craniectomy, 9 rats were sacrificed for irreversible cerebral
ischemic model by means of ligation at proximal(group 0) and distal(group 0), and coagulation at proximal(group
0) middle cerebral artery. Also, 6 rats were sacrificed for irreversible(group 0) and reversible(group O) cerebral
ischemic model using nylon thread without craniectomy. The sizes of infarction were measured by staining the
coronal sections of the brain with NR solusion, TTC and H & E.

Results[] There are no difference of physiological parameters comparing the each group. Cerebral infarction was
not observed in group O, but it’s volume was largest in group O.

Disadvantages of craniectomy group(d, O, O) are the long duration of operation and cortical damage by
procedure. It’s advantage is confirmation of the middle cerebral artery occlusion and cessation of blood flow through
the operative microscope. In case of ischemic models using nylon thread (group O, 0O), it is hard to identify the
interruption or recirculation of blood flow through the middle cerebral artery, but the advantage is the simplicity of
operative technique which reduces the operation time and minimizes the cerebral damage due to craniectomy.
Therefore, it seems important to set up the reversible and irreversible ischemic models by carefully considering
advantages and disadvantages listed above.

Conclusion[] TTC staining seems to be effective since it reflects the histological damage sufficiently and quickly. It
is hoped that researches focused on ischemic penumbra, which became popular recently, will be further carried on
with use of NR staining, optical microscope and electron microscope.

O bjective[] The purpose of our experimental study was to analysis the advantages and disadvantages in the

KEY WORDSU Cerebral ischemic model- TTC- NR- H & E.
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Table 1. Experimental groups of animals

Methods Group N(.)' of
animails
Craniectomy 0 O sacrifice at éhrs following prox. 3
MCA ligation
0 O sacrifice at éhrs following distal 3
MCA ligation

0 O sacrifice at éhrs following prox. 3
MCA coagulation
Noncraniectomy 0O O sacrifice at éhrs following MCA 3
occlusion with nylon
0 O sacrifice at 3hrs of recirculation 3
after éhrs following MCA occl-
usion with nylon

Total 15

NolO number0 hrsO hoursdd MCAO middle cerebral arteryl
prox.0 proximal
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Fig. 1. AO Schematic representation of position of 4-0 nylon duri

ing occlusion of right middle cerebral artery. BO Reperfusion

through MCA by withdrawal of 4-0 nylon to ICA proximal site. ECAO external carotid arteryd ICAD internal carotid artery
CCAO common carotid arteryd ACAD anterior cerebral arterydd MCAO middle cerebral arteryd) PCADO posterior cerebral

artery] SCAU superior cerebellar artery.
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00 Table 20 0O0. 00 0000 000000 000

NRO TTC 0000 OO OO0 OO0 OO0 OO
0 0O OO0 OO0 (Computer image analysis system)
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Table 2. Mean systolic arterial pressure, arterial blood gas analysis and temporal muscle temperature in experimental animals

Physiological parameter Groups

O O | | O
MSAP(mmHQ)
Pre-ischemic 96+ 3 113+ 2 113+ 2 96+ 4 102+ 3
Post-ischemic 103+ 4 123+ 3 96+ 2 120+ 5 118+ 1
Post-reperfusion 107+ 4
pH
Pre-ischemic 7.39+ 0.01 7.39+ 0.03 7.38% 0.02 7.40% 0.02 7.39+ 0.01
Post-ischemic 7.38% 0.01 7.37+ 0.01 7.37+ 0.01 7.37+ 0.03 7.37+ 0.03
Post-reperfusion 7.40+ 0.01
PaCO2(mmHQ)
Pre-ischemic 42.5 £ 0.2 43.8 £ 0.3 43.5 £ 0.2 42.9 £ 0.1 43.7 £ 0.1
Post-ische mic 40.3 £ 0.1 40.5 £ 0.1 41.5 £ 0.3 40.2 £ 0.3 419 £ 0.2
Post-reperfusion 40.7 £ 0.2
PaO2(mmHg)
Pre-ischemic 98.7 + 0.1 98.7 + 0.3 972 + 0.2 978 + 0.4 99.7 £+ 0.2
Post-ischemic 99.7 +0.2 100.4 £ 0.2 100.3 £ 0.2 101.2 £ 0.2 101.7 £ 0.3
Post-reperfusion 102.8 £ 0.2
Hematocrit(mg%)
Pre-ischemic 442 + 0.2 42.8 £ 0.1 438 £ 0.3 438 £ 0.2 443 + 0.1
Post-ischemic 432 £ 0.3 42.4 £ 0.1 43.2 £ 0.1 432 + 0.4 43.7 £ 0.3
Post-reperfusion 43.5 £ 0.2
T™ temperature (O )
Pre-ischemic 36.5 £+ 0.2 36.5 £ 0.2 36.4 + 0.2 36.6 + 0.2 36.5 £ 0.2
Post-ischemic 36.4 £ 0.2 36.6 + 0.2 36.5 £ 0.2 36.4 £ 0.2 354 £ 0.2
Post-reperfusion 35.5 £ 0.2

Values are expressed as the meant standard deviation ~ MSAPO mean systolic arterial pressured TMO temporal muscle
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Fig. 2. A gross photograph of the coronal section of a rat's
brain with NR staining and TTC staining. The infarcted
area of the brain was revealed as those area that had
not stained into deep red by the NR or TTC. Infarct
margin was more discrete in the brain stained with
TTC than NR.
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O oooo0,00 000 000 000 oo ooooo
000000000 00000 oob o000 ooo.
ooooo oobo ooobO oooobD oo oo oo
o000 00 ooooO 365+ 030 oOooO0O.
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NRO 00O O OO0 0000 0000 000 OO0
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0 0000 000 00000 (Fg. 2).

000000 0000 H-E OO0 000 000 00

000 00 00 0000 00 00 00000 00
00000 000000 000 0000 0000 O
0000000 000 0000 00000 00 OO0
000 000000 000 000 000000 OO0
000 000000 000 000 (Fig. 3).
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#99) o]
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Fig. 3. A Microscopic finding of brain cortex shows the isch-
emic area(left upper) which is sharply demarcated from
normal cortex(right lower)(H & Ex 100). BO Microscopic
finding of brain cortex shows ischemic injury of neurons
consisting of nuclear angulation an hyperchromatism,
loss of nucleoli and shrinkage of cytoplasm(H & Ex 400).

Table 3. The infarct volume (%) in the experimental groups

Group Stain
NR TC H-E
O 5.79+ 2.33 2.72+ 1.66 2.55+ 1.64
0 2.28+ 1.21 0 0
0 5.20+ 2.65 1.71+ 0.97 1.76+ 1.07
0 9.83+ 4.13 411+ 2.96 3.91+ 2.87
0 8.65+ 4.77 1.32+ 0.27 1.13+ 0.26
Total 6.35+ 1.43 2.00+ 0.70*  1.87+ 0.68*

Values are expressed as meant standard deviation

*O significantly different from NR stain(p<0.05)

NRO Neutfral RedO TTCO Triphenyltetrazolium chlorideO H-
EO Hematoxylin-Eosin stain

+1.43% 000, TTC 00000 2.00+ 0.70%, H-E
00000 1.87+ 068%0 NRO OO0 OO0 TTCO
H-E 0000 000 000 0000 0000 000
000 0000(@p<0.05) TTC 000 H-E 00000
000 000 OO0(Table3).

0000 00000 0000 000000 0000 O
000 00000 TTC 000 2.72+ 1.66%00 H-E
0000 255+ 1.64%00 000 D00 00 0000
0 000 00000 TTC 000 411 2.96%, H—E
0000 391t 287%0 00000 0OOOO O 0OO
000 0oooo.

00000 000 0000000 0000 000 O
00 TTC O H-E 000 00000 000 000 O
00 TTC O H-E 000 OO0 1.32+ 0.27%, 1.13t
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