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Abstract

The purpose of this study is to
investigate the possible mechanism in the
penubrum of ischemic infarct through the
correlation study of magnetic resonance
imaging (MRI) and histomorphological
changesin afocal ischemic model of rat.

In this first-year project, focal cerebral
ischemia is produced through ligation and
reperfusion of middle cerebral artery with
predetermined duration. MR imaging is
carried out with pulse sequences of T1WI,



T2WI, PDWI and DWI. Histo-
morphological  study included histo-
chemical stains with H/E, S100, and
GFAP.

The results showed in the acute stage of
stroke, only T,WI and DWI are of great
value in the detection of ischemic
infarction. In histomorphological study,
the H/E represented an observation of
neuronal damage, rarefaction and gliosis
in a more complete or later-stage change
of ischemic infarction. On the other hand,
GFAP reveaded ischemic change of
different severity and might indicate
incomplete or earlier ischemic change.
However, the quantitative study revealed
that even the most sensitive DWI was not
able to show up all area with partial and
complete ischemic change as it can be
demonstrated in the histochmical stain of
GFAP.

Asfor the earlier ischemic changein MR
image and histomorphology are currently
under investigation in our second year
project.

| ntroduction

In the region where brain tissue suffers
from ischemic insult, three zones of
differing hemodynamics and metabolic
functions can be identified. The central
zone destined to infarction, the border
zone has flow and metabolism fluctuated
between conditions adverse and favorable
for tissue viability, and the collateral zone
is frequently a site of hyperemia in which
tissue retains its viability,. In the border

zone, known as ischemic penumbra,
critical flow and metabolic alteration
determine cell damage, which in turns
decide the prognosis of ischemic
infarction. Therefore, it is important that
we understand more about the
hemodynamics in the region of penumbra
in order to develop therapeutic methods at
[imiting the boundaries of thisregion.

With the MR technique, the acute
findings of ischemic infarct can be
demonstrated as either indirect signs, such
as loss of gray matter— white matter
interface, perifocal (vasogenic) edema
represented by increased intensity on T,WI,
breekdown of BBB by Gd-DTPA
enhancement, etc. In the later stage, the
change in tissue characterization such as
loss of neurons, encephalomalacia
indicated by decreased intensity on T,WI.
Diffusion weighted imaging theoretically
can outline ischemic lesions within
minutes of onset. The concept underlying
DWI involves brownian motion of water
molecules, which occurs within all tissue.
Rapid failure of high-energy metabolism
and associated ionic pumps dysfunction in
ischemic regions leading to sodium and
cacium influx and consequent rapid
cytotoxic edema. The restricted movement
of water molecules intra-cellularly results
in more coherent MR signal and increased
intensity on MR image.

The histomorpholgical methods for the
infarct brain are H/E stain and GFAP stains.
The former is for identification of neuronal
damage and the later is for classifying the
severity of the ischemic infarct through the



amount of the glial fber protein.

Material and method

Twelve Long Evans male rats weighted
from 250 to 350 gm were used in this study.
Ligation of the right middle cerebra artery
was performed using the procedure as in the
subprogrm 2.

The images were implemented on a
Bruker 4.7 T machine of 40 cm bore
quipped with small anima coils at the
institute of biomedical science in Academia
Sinica. The parameters for the imaging are
asfollow, TWI TR500/ TE 17 /64 X 128/
NEX =4; T,WI TR2000/ TE 80/ NEX =2;
PDWI TR 2000 / TE 20; and the DWI TR
2000/ TE 70/ big delta 40 / duration 20 ms
| Z-axis and multiple b values a 0, 750
s/mm?, 1500 s/mn.

The measurement of the MR image area
of infarction is identified by histogram
segmentation accumulated in terms of pixel
numbe.

All the brain specimens taken from the
sacrified rat were fixed in 10% neutral-
buffered formalin. The brain tissue was cut
coronally into slices of 3 mm in thickness.
After dehydration and infiltration in the
sequence of acohol, xyline, and paraffin,
the tissue pieces were embedded in paraffin.
Five mm-thick unstained sections were cut
from the paraffin blocks and mounted on

The  deparaffinized and  rehydrated
unstained sections were immersed in citric
buffer and heated in microwave oven.
Endogenous peroxidase activity was
guenched with a 10-min incubation in 3%
H,O, in methanol. The nonspecific binding
sites of 1gG were blocked by incubating the
dides in norma goat serum for 10 min.
Primary antibody GFAP was applied for 1
hour a room temperature. This was
followed by a biotinylated broad spectrum
secondary antibody for 10-20 min and then
by Horse-radish peroxidase complex for 10
min. Careful rinses was done with three
changes of PBS buffer between each stage
of the procedure. The color was developed
with deamino-benzidine whereafter the
sections were lightly counterstained with
hematoxylin. The sections were dehydrated
in graded alcohol. The negative control was
obtained by substituting the primary
antibody with nonspecific mouse Ig G.

The morphometric measurement of the
infarct brain tissue is based on H/E and
GFAP stains. Three level of GFAP stain can
be identified i.e., normal increased and
decreased. Regions with different stain
character are delineated and measured for
area. The result was expressed in
percentage of the total areafor comparision.

Result and Conclusion

the silanized dlides for Hematoxylin and
Eosin stain and immunohistochemical study
of glia fibillary acidic protein (GFAP). The
procedure for immuno- histochemical stain
isasfollowing.

We assessed neuronal damage by H/E
sections under light microscope (Fig. 1). The
infarct severity was graded according to the
amount of GFAP staining i.e., decreased, normal,
or increased stain on the astrocytes. In



GFAP stain (Fig. 2), total loss of glial

cell activity in the area of complete |oss of
stain indicates total infarction. Reactive
gliosisresultsin increased stain level,
which indicates atissue reaction to
hypoperfusion or partial ischemic
infarction.

Fig. 1

Fig. 1 H/E stain of the ischemic brain
tissue showing cytoplasmic
eosinophilia, pyknosis, karyorrhexis,
karyolysis and ghost neurons (light
microscope 40X 3.3).

Fig. 2A 2B

Fig. 2 GFAP stain showing different
level of stain A) low power field (4 X
3.3) in which complete loss of stainin
right upper quadrant, increased stain

in the middle and normal level in the left
half; B) high power field (20 X 3.3)
showing linear or curvy linear threads of
the gliafibrillary protein.

MR images showed significant changesin

the ischemic areaonly with T,WI (Fig. 3A)
and DWI (Fig. 3B). The morpho-

metric measurement was then done on

MR images with the aforementioned

pul se sequences and on the histochemical
stain with GFAP (Fig. 3C).

Fig. 3A 3B 3C

Fig 3. A) MR image T,WI, B) DWI, and
C) hitochemical stain of GFAP of the whole
rat brain available for measurement of areas.

Table 1 shows averaged relative areas from
different image modalities & histochemical
stains (n=12).

T2WI DWI HIE GFAP(-) GFAP(+) GFAP ALL

17.35% 18.03% 13.65% 15.12% 7.54% 22.66%

GFAP (-): decreased level or loss of stain;
GFAP (+): increased level of stain.

The results of the measurement were
summarized in Table 1. Although the area
obtained form DWI is greater than from T,WI
but the difference does not reach a statistic
significant level (p > 0.05). This is also true if
we compare the area from T,WI and that of the
GFAP (-). However, the DWI does show
significant greater area than that of the GFAP (-).
Finally, the area of GFAP_ALL is greater than
any other categories at avery significant level (p
< 0.001) which includes, of course, the DWI.

Therefore, we conclude that although DWI
theoretically sensitive to cytotoxic edema of the
early ischemic change. It does not show an
outstanding effect at 24 to 48 hours after stroke.
The GFAP demonstrates far greater area



with ischemic insult than the MR images can
show. Further study on the earlier effect of
ischemiaon MR images and histo-

chemical morphology are now

being investigated in our 2™ year of this
two-year project.
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