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Changes of DNA Synthesis, Blood Flow and Metabolism
in Experimental Brain Tumors after Irradiation

Toru FUSEJIMA

Department of Neurosurgery,
Brain Research Institute, Niigata University
( Director.: Prof. Ryuichi TANAKA)

The growth rate, local cerebral blood flow (LCBF), loecal cerebral glucose utilization
(LCGU), local cerebral protein synthesis (LCPS) or DNA synthesis of brain tumors
were studied in experimental rat brain tumors before and after irradiation, using quan-
titative autoradiography and immunohistochemical techniques. Two strains of rat
brain tumor induced by Rous sarcoma virus were used. Strain A was biologically more
malignant and less sensitive to radiation than strain B.

The LCGU, LCPS and DNA synthesis reduced after irradiation but the LCBF
changed little in both A and B tumors. The value of LCGU in the tumor decreased
slowly after irradiation. The reduction rate was greater in strain B tumor than in
strain A tumor. The value of LCPS decreased rapidly after irradiation in both tu-
mors. The reduction rate was greater in strain B tumor than in strain A tumor.
The labeling index of S—phase cells (LI) decreased rapidly, as much as that of LCPS,
after irradiation in both tumors and the reduction rate of LI was also greater in
strain B tumor than in strain A tumor.

These findings indicate that the reduction of LCPS, DNA synthesis and LCGU may
represent the radiosensitivity of these tumors. The reduction of LCPS and LI occured
earlier than those of LCGU and tumor size. The radiosensitivity of tumors could be
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predicted by measuring the changes in LI and LCPS before recognition of the reduction

in tumor size.

Key words: cell proliferation, CBF and metabolism, irradiation, rat brain tumor
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Fig. 1 Survival rates in rats with RSV in-
duced brain tumors. Strain A was
more biologically malignant (P <
0.01) and more resistant to radiation
than strain B.

Ir.: irradiation



530 FREF2ME 1065 F6S FR4F6H

HEHBH (Amersham #) s &b, XB7 114
(Fuji Type 150) C#H & ¥, —20C FTH 2 BRI
Jexeiotk, BBLL mb RIBELYYFL—ra
vhe v a—THEL, BEREOERLCE, 2=— 2
F 4 otk BEYEGFITEE A A L.
3. DNA BBk ER

DNA &BMl0EEL ARG CEMLLY v b &
A—@ETTR -7 2DG ® LV O & FAEC, 10
mg/kg © bromodeoxyuridine (BrdU) #*7EA L.
6 pm OFE XY -k EEEYI R avidine-biotin-per-
oxydase complex (ABC) T BrdU $ef8 24778 - 7299,
Thbb, YFE47C, 70%= 5/ — 1 T05HEEEL,
DT, DNA S4B < 2w, 2N HCl T605 ML L

/"‘V"
(mm?) PR
L7 o strain A
10 ;- @ stran B
S
/ <
o
©
N
w
& 5
E
=1
[l
0 5 10 15 (days)
p
Ir. Days after Irradiation

Fig. 2 Change in tumor size before and af-
ter irradiation. Tumor size is rep-
resented by the maximum horizon-
tal length X the maximum vertical
length.
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Fig. 3 Change in labeling index before and
after irradiation.

Table 1 Changes in labeling index and tumor size after irradiation in rat brain

tumors

Time(Day) before Ist 2nd 3rd 5th 10th 15th
Strain A

no. of rats 3 3 3 3 3 3 —

L1 23.24+2.3]7.6x1.6 | 7.6+3.6|8.3+1.4|7.4+2.3(16.7+3.0 -

size 7.0 9.3 12.2 7.6 8.0 12.4 - —
Strain B

no. of rats

L1 15.7+2.8{7.6+2.5 | 6.5+0.7 | 6.7+1.6 | 4.0+1.1 | 3.1+0.6 {14.7+8.8

size 11.7 13.3 13.4 9.3 10.1 0.75 6.7

Values are the average of individual mean values+S.D..
Tumor size is expressed by the maximum vertical length X the maximum holizontal

length.
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Fig. 4 Change in local cerebral blood flow

before and after irradiation.

Table 2 Change in local cerebral blood flow after irradiation in rat brain

tumors

Blood flow (ml/100g/min)
Time (Day)
before 1st 2nd 3rd 5th 10th 15th
Strain A
no. of rats 3 3 3 3 3 3 -
tumor maximum 93+9 94+8 | 102+10 | 10310 | 104+12 | 86+6 -
minimum 49+10 | 53%6 30+4 60+4 42+13 | N.E.
gray matter™® 14043 | 137411 | 142412 | 1445 | 1326 | 1347 -
white matter® 43+2 54+6 48+3 5144 48-+3 51+2 —
Strain B
no. of rats 3 3 3 3 3 3 3
tumor maximum 83+4 934 775 90+11 | 85+t2 857 8616
minimum 54+5 44+6 32+5 44+15| N.E. N.E. N.E.
gray matter® 142+12 | 137+4 | 130+12 | 143+2 | 14545 | 132+4 | 141%8
white matter® 51+6 49+2 5342 53+2 543 4844 47+6

Values are the average of individual mean values*+S.E..

%k : contralateral gray matter and white
N.E. ! not examined

matter.
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Fig. 6 Change in local cerebral protein syn-

thesis before and after irradiation.

Table 3 Change in local cerebral glucose utilization after irradiation in rat brain

tumors
. Glucose utilization (pmol/100g/min)
Time (Day)
before Ist 2nd 3rd 5th 10th 15th
Strain A
no. of rats 3 3 3 3 3 3 -
tumor
maximum | 2209 |203:+32 | 17148 | 192424 | 171+22 |207 18 -
minimum | 127410 | 155+16 | 94+8 |126+15|121+9 (111415 -
gray matter* 102+9 | 100+17 | 106+14 | 110+9 | 103+6 99+5 -
white matter¥® 32+3 31+x8 417 47+4 30+5 33+5 —
Strain B
no. of rats 3 3 3 3 3 3 3
tumor
maximum | 197431 | 22624 | 182+28 | 182+22 | 121+6 72121"* 183:+48
minimum | 112412 | 134421 | 113421 | 12244 87+2 95426
gray matter™ 109+8 | 11442 | 117+5 |116+4 |111+7 |109+6 1095
white matter* 3418 4142 44+2 44+3 40x1 3244 35+2

Values are the average of individual mean values+S.E..
¥ ! The tumors were too small to measure the maximum value and the minimum

value severally.
%k ! contralateral gray matter and white matter.
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Table 4 Change in local cerebral protein synthesis after irradiation in rat brain tumors

) Protein synthesis (nmol/g/min)
Time (Day)
before 1st 2nd 3rd 5th 10th 15th
Strain A

no. of rats 3 3 3 3 3 3 -

tumor (maximum) 24.4+2.9|21.1+3.017.1%£0.4 | 22.6+3.5|25.2+2.2 | 24.2+3.3 -

cortex 2.6+0.4| 2.9%+0.5| 2.3+0.2| 2.6+0.3| 2.6+0.4| 2.940.5 he

(contralateral)

Strain B

no. of rats 3 3 3

tumor (maximum) 12.5+1.6 | 10.7+4.3 1] 8 4] 5.1%0. 5

cortex 2.7+0.4 | 3.0+0.4 + 2 4 .0+0. 3.0+

(contralateral)

Values are the average of individual mean values=S.E..
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Fig. 7 Reduction of labeling index,

irradiation.
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