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The Evaluation and Quantification of Cerebral Infarction Following
a Middle Cerebral Artery Occlusion in Rats*

In Soo Kim, M.D., Man Bin Yim, M.D., Chang Chull Lee, MD.,
Eun Ik Son, M.D., Dong Won Kim, M.D.,
In Hong Kim, M.D,, Kun Young Kwon, M.D.**
Department of Neurosurgery and Pathology,** School of Medicine, Keimyung University,
Taegu, Korea

In order to find out the accuracy of the quantification of the infarction area by using
triphenyltetrazolium chloride(TTC) staining and to evaluate the change of the infarction
size according to the duration after the ischemic insult, in a series of 33 adult rats, a surgical
occlusion of the middle cerebral artery(MCA) was carried out through a small subtemporal
craniotomy. 11 animals at 6 hour, 12 animals at 24 hour and 10 animals at 48 hour following
the surgical occlusion of the MCA, rats were sacrificed and brain slices were obtained
and stained with TTC. and hematoxyline and eosin(H & E). The size of the infarction
area stained by each method was quantified by a computer image analysis system.

The average percent of the infarction size(+ standard error) was larger in the 24 and
48 hour groups than that of the 6 hour group(determined by TTC : 9.94+ 0.97 vs. 9.98+ 1.08
vs. 6.83+ 0.82 %, respectively - 6 hour vs. 24 & 48 hour groups ; one-way ANOVA test p<<0.05
determined by H & E © 1002+ 0.94 vs. 10.02+ 1.06 vs. 7.73+ 0.85%. respectively). However,
there was no significant difference in the size of the infarction between the 24 and 48
hour groups.

The size of the infarction area determined by either method was not significantly different
in any group(TTC vs. H & E ! paired t-test p>>0.05). and lifear regression analysis showed
a significant correlation existed between the two methods in all groups. However, the degree
of correlation was more prominent in the 24 and the 48 hour groups than 6 hour group(6
hour group - r=0.76. slope=0.78, y intercept=0.55: 24 hour group : r=097, slope=1.03,
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y intercept=-0.78 : 48 hour group : r=098, slope =094, y intercept=0.42).

From this study it is concluded that : 1) the evolution of the infarction size continues
up to 24 hours following the arterial occlusion, and thereafter, the change of the infarction
size is minimal in the rat. This data suggests that it is sufficient to evaluate the change
of the infarction size up to 24 hours following the ischemic insult in the experimental
study of ischemia in the rat. 2) the detection and the quantification of the cerebral infarction
by using TTC staining is a reliable method after 24 hours following the ischemic insult.
However, in the earlier period than 24 hours following the ischemic insult, staining with
TTC coupled with histopathological H & E staining will add to the accuracy in the obtaining
the quantity of the cerebral infarction in the rat.

KEY WORDS : Cerebral infarction * Rat * Middle cerebral artery * Quantification * Tri-
phenyltetrazolium chloride * Hematoxyline and eosin.
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Fig. 1. This is a schematic illustration of a microsurgical view of the operation field. A small craniectomy

was performed just anterolateral to the exit of the trigeminal nerve from the foramen ovale. The

circled area indicates the craniectomy site and the exposure of the middle cerebral artery.
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System&

percentE

WAo] g HAA W9 WA percentd T3 EAEH fFo4ol e Aoz A
Table 1. Mean arterial blood pressure, gas analysis and hematocrit
Pre MCAO Post MCAO 6 H PO 24 H PO 48 H PO

MABP

(mmHg)

Group 1 948 *18.6 101.0 *107 96.0 163

Group II 101.3 +124 100.5 £16.5 91.7 £19.6 91.7 *140

Group 1II 928 +125 1018 *134 97.3 *£12.0 98.1 *100 1029 +128
Arterial pH

Group [ 7.373% 0.028 7.360%t 0.039 7361t 0.029

Group II 7.370£ 0.039 7.377% 0.040 7.367+ 0.029 7.367x 0.033

Group 1l 7.366+ 0.023 7.359% 0.021 7.366% 0.034 7.368+ 0.037 7.367t 0.030
Arterial pCO,

(mmHg)

Group I 380 * 79 377 72 348 £ 6.8

Group I 404 I 64 378 * 82 360 £ 6.1 332 + 8.0

Group 1II 334 % 57* 329 * 46 343 % 7.2 337 * 68 323 * 6.1
Arterial pO,

(mmHg)

Group 1 835 * 8.0 834 * 89 823 +12.0

Group II 80.1 * 64 816 * 7.2 869 *11.9 825 158

Group 1II 85.1 * 8.1 796 £ 59 803 £ 4.9 815 £ 6.1 792 % 9.1
Hematocrit

(%)

Group 1 40.1 * 46 36.2 * 63 359 * 42

Group 11 428 + 89 37.0 * 54 348 * 62 329 £ 56

Group IIi 388 + 34 366 * 38 388 + 43 362 * 46 363 + 28

Values are meant SD

MCAO=middle cerebral arterv occlusion : H=hours . PO = post-occlusion

MABP=mean arterial blood pressure
Group [ =6 hour group(n=11) : Group II=
Group MI=48 hour group(n=10)

24 hour group(n=12) :

* Mann Whitney test . p<{0.05 compared to group II
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1. A9 75 &3

Zt Ag7dA 38 HFHY, pH, PaO,,
PaCO, @ HAT £33 AL HAE 22y
ZF ko) vl oA FHHFAMA HA 2
PaCO,%F 24217+ 3} 48 A1 ZHZ 2] 2}o] (p<0.05)
g A9sn YR o]zt gl th(Table

ES
}¥H £702 HBY BHe +F AF R
doll 2 A AU, 6AT AN E
ezt Az F9 A AzARe BA7
H3tR o, 24A1E R 48T M E o
7t B JPHT AT Y 23S
Bg o
TIC G4 & Ay F A3 HA24 F9 e w7
FAHAo U HAN FAe A ot B
HEH Lok &g A 7EE + A
Aoy HAMN FE 6NRTRYG 2443
o 48AIZE AN A AA BRHAQAS U, 4ATE

3} 48X 7t ol & Aol #AF T £ g
(Fig. 2).

ez o2 HEE A4S AAE e
TTCO| o3 A HxZ o] AR Mo &
A 3t

P Ho|ZH L7022 6AATAAE H PN
Hoe An WA HAGH 25 FRHIJS
Y A o @A}, APRHE
Aol BT AZH AR AHZAHEANA
AAZ FFHAL FH2 A9 24 Bdo) &Y
T gFEHAoH HAPY B9} FF=AN F
Ae E¥939d(Fig. 3).

24 A1 ZH o M= 6A1THE ol v &) A BN Bt
B39 273 291 Y HAxAHY AAVL
Hlad Jasfgon XY o] oA HA
3 A7 AFHAYG 2 HE 2 A @
€83 ddo| BAH7I= A} (Fig. 4).

48N T A E 24 A12HT o) B3 7 49
HAA7F A A gskoy FAZ 0S H83
Rom ARANEE A4 F¥2 BYn AUA
AFe WAz FAAbzh FedFH 18n T4
A 2¥g T 2A @A 2¥H Aol
HALAG

Fig. 2. A gross photograph of the coronal section of a rat’s brain with TTC staining. TTC stained normal
areas of the brain are deep red but no stain is seen in the infarcted area. The border between

the normal and infarcted area was well-defined and could be detected easily by gross inspection

in the 24 and 48 hour groups.
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Fig. 3. The infarcted area is small in size. The border between the cerebral infarcted area and the normal
brain tissue is not clear. 6 hour group-H & E, X 100.

Fig. 4. The infarcted area is more extended and pale due to edematous change and focally liquefactive
necrosis. Capillaries are congested and thrombus can be seen occasionally. 24 hour group-H &
E, X 40.
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3. TTC ¥4 H & E g0 2 S [
Aol FAA HFH Aol

TTC g4o2 A3 HZ A el FAHA=
6AI T 6.83+0.82, 24 A1 7HF 9.94+ 0.97, 48A| 3L
T 9.98+1.08% M, AN H7} 6X 7l
vl3te] 24A1 T R 48AET A {4 AA
A5 Ao (p<0.05), 24X T 48X 7HT T
= & Zol7t it

H&E Q802 ZHT ZHX < 6A1TT 7.73
+0.85, 24A)1 7HF 10.02% 0.94, 48A] 7+ 10.02+ 1.
06% 2 M A 6A1ZFFol H]dte] 24A| 7k R 48
Aol A =738 W7y AR Folde
AL 24 A 7HE R 481 el = zLo]7F A 9
At

TTC ¥4z H & E §402 2% F3X
Zolle 74 oA F3 H & EgNes 33
237 2oy #o4 e zole UG
(Table 2).

4. Xz7 HH o HAM gl FAA
HE
TTC @43 H & E FAA 23] HRN8e
el E7EY = slice 2, 3, 4, 5904 714 A
FAT BF HAA {FEF AL P & 2
olx olR oA A3 h(Fig. 5, 6).

5 TTC 483 H& E Moz 23 FAF
A3 g9e Z# B
6A1 7+ r=0.76, slope=10.78, v intercept=10.55
A, 24A] ZHE r=0.97, slope=1.03, v intercept=-
0.78 2.1, 48 A1t r=0.98, slope=0.94, v inte-
rcept=0.422 4% ZFo A F38 ¥ 4@ #AE
Bou o]F 6A1tolA 4 BAZ Mg R
kH(Fig. 7).
=)

I

58y gEe A7) A 2 A¥e

Table 2. The average thickness and percentage of infarction size determined bv TTC and H & E staining

in each group

The No. of slice and average percent of infarcion size in each slice

Mean
Group Method thickness Total
(mm) 1 2 3 4 5 6 7 8 (%)
2.88 6.51 14.51 16.13 11.09 5.25 1.11 0.00 0.00 6.83
e +008 £251 £236 X173 £127 £1.19 042 +0.82
! H & E 2.88 6.44 15.28 18.23 13.20 6.68 1.97 0.00 0.00 7.73
+008 +209 +228 +1.75 =*1.18 +094 =£0.55 +0.85
TTC 3.04 7.98 18.34 22.28 17.64 10.04 3.27 0.00 0.00 9.94
+008 +149 216 +208 =158 +160 11.04 +0.97
1 H % E 3.04 8.75 18.25 21.78 17.43 10.17 3.82 0.00 0.00 10.02
+008 +1.18 +200 208 +159 =£139 +0.08 + 0.94
TTC 3.06 6.99 18.55 23.90 18.24 9.23 2.92 0.00 0.00 9.98
+009 £1.19 X144 =£179 *£23%3 174 =*0.68 +1.08
i H & E 3.06 7.25 18.55 23.57 18.12 9.45 3.24 0.00 0.00 10.02
+009 £104 139 *1.71 £226 =+172 =*0.70 +1.06

Values are meant SE

Group I =6 hour group(n=11) ! Group II =24 hour group(n=12) :

Group 1l =48 hour group(n=10)

Statistical significance among groups by one-wav ANOVA test

TTC : 6 hour vs. 24 & 48 hour : p<0.05
H & E: p>0.05

24 hour vs. 48 hour : p>0.05

Statstical significance between TTC and H & E stainings by paired t-test

TTC vs. H & E: p>0.05
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Fig. 5. The average percent of the infarction size was determined bv TTC staining according to the duration
of MCA occlusion in each slice. In the 24 hour and 48 hour groups, the average size of the infarction
area was larger than that of the 6 hour group, especially in the midportion of the brain(slices
2, 3, 4, 5)(p<0.05). However, onlv minimal difference was noticed in the infarction size between
the 24 and 48 hour groups.
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Fig. 6. The average percent ot infarction size was determinded by H & E staining according to the duration
of MCA occlusion in each slice. The result was similar to that which was determined by TTC

staining.
AWA AY FEo ux2)3)5)7)21)22)23)24)28)30) o] Fou A QNS
gerbil 19, 71.0ko] N9 @ glpolliFe] T2 HHg e s WYL gebildMe F
ALgso] oy M FRYPo] A1 YA FFAN AfAIIEE HHY ¥ES ¢ F
P29 Oio) Be gerbilol L} WAE AHEHE oD, WA e $R5US B 33



infarction (TTC)
15 r

- : * 4
12.5 ¢ .
10 . ) !
> L 3
7.5 . b {
2.5+ °
L. I I R ¥ 1 J P N IS I I | I 1 1 I U 1 J
¢ 2.5 5 7.5 10 125 15 0 2.5 5 7.5 10 12.5 15 0 25 5 7.5 10 12.5 15
% infarction (H & E)
6 hour group 24 hour group 48 hour group
r=0.76 r=0.97 r=0.98
slope=0.78 slope=1.03 slope=0.94

v intercept=0.55

y intercept=-0.78

y intercepr=0.42

Fig. 7. The relation of the average percent of the infarction area shows a correlation between that determined
by TTC and that by H & E staining according to the duration of the MCA occlusion.
Linear regression analysis showed that a significant correlation existed between the two methods

in all groups.

However, the degree of correlation was more prominent in the 24 and the 48 hour groups than

the 6 hour group.
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