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3. HeZAsisty HM(TUNEL: /n situ TdT-medi-
ated dUTP nick end labeling)

WA ¥ z7e) shebel Eol2lg 3m Sl Ao
qtEo] 232t 9l3} rehydrationA| el o} EBEAA AEE
ApopTag Plus Kit (Oncor, US.A)E AL&3lo] oJAs}ict.
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gt SHTE AE 3 3% hydrogen peroxides} HHE-A]
Ak selo] =& 2417 E2¢)k 37°CollA] biotin-dUTPS} trans-
ferase E3FNoll 2H8A]Zt}. Digoxigenin conjugated with
peroxidase 2. QG As} L dulEAzlo g dx JMslg)

4. EETEY

o] AGEFA FARAANA Fgwio s AAE o
) 249 % 3 dorsal cortex)& WA TS Z 3
o} A ejo} oy #1742 ol u(piamater) © 2 HE] W)
(marginal zone), 3|7 FH(cortical plate), 3|2 s}IH(subplate),
Z-ZF (intermediate zone), |43} tl)(subventricular zone),

i3

Alt(ventricular zone) 59 6712 AR Fog FHE
Yo, 259 AR L A3 Az 2 2Bl
I E g e ddrE A FHFshe] A (cortical
zone, CZ; Wi+ A3+ As}a), 7 (intermediate
zone, 1Z; %7 I-I:H + 3 A1), A (ventricular zone, VZ)
9] 39 Fo Bl olLEAAL AES FHL
e % 1% fol olole] ObEEAIL A(apoptotic
index)& ARt F, tixl A 7 FollA 100742
A|E % TUNEL $AHHeS B9l AEFE w2 gg $4]
sk 3] 2R AFE Nk AE 10% w9k +,
10~20%+ +, 20~30%+ ++, 30% o|4& +++& 7+
7+ 71819

Z 1
1. OFEEAIA HZO TUNEL ¢4 EA

gt u| 7 sloll Al WA dlo} o] 2] TUNEL %A
ol AEE w3l AHNA BL Aoz °é*l15101 A
AEe} o] & HYict w A Y BGoE
TAE o|FA ¢k AAsted FHslchFig D).

2. WALMER ME OLZEAIL MZQ &H

Tl A= WA BlolEL7~19) 3] A FollA
TUNEL FAAEE 7] A 4= glgivK(Table 1, Fig. 1A).
1 Gys| WA 24 & 5A1 7kl 243 TUNEL A E=
oA A FollAl vlerebAl RE G o1 (Fig. 1B) 2 Gy
A 24 Folle A FollA A Stk HA
et S2keell A At} go] whYelgl ov (Fig. IC),
wA A gko] £7184% TUNEL G4 AZ7) 6% Z719]
A& & 5 Yk 53 4 Gy $AL2A Felle S
g FZrdsk dA A ARl e Hoddel 23 AR

Table 1. Patterns of TUNEL Positivity* 5 hours after 1~4 Gy
irradiation on Fetal Rat Cerebral Cortex

Dose Ventricular zone Intermediate zone Cortical zone

1 Gy + + +

2 Gy +++ +++ ++
3 Gy +++ +++ +++
4 Gy + 4+ +++ +++

*Positivity was defined as =, when mean of stained cells are less
than 10%; +, 10~20%; ++, 20~30%; + + +, more than 30%,
respectively.
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Fig. 1. TUNEL-positiveness according to the radiation dose. The spontaneous apoptosis is rarely seen in non-irradiated fetal cerebral
cortex (A, X50), while some TUNEL-positive cells are obsereved 5 hour after the onset of 1 Gy irradiation (B, x60), and increasing
cells with 2 Gy (C, X50) and 4 Gy (D, x50). It seems more prominent at the ventricular zone (VZ) and intermediate zone (IZ) than
at the cortical zone (CZ) after 2 Gy, while show marked apoptosis in cortical plate of cortical zone after 4 Gy.

FZo|A] o} ZEA AT} ol Fig. .
Sl of 127k ghel Sdolkeh(Fig. 1D) Table 2. TUNEL Positivity according to the Time Course after

3. AlZH0] M2 O}EEA|AS =8 2 Gy lrradiation on Fetal Rat Cerebral Cortex
)z o) 4= TUNEL SR A ES} 7 2] TE ) orgto. Hours Ventricular zone Intermediate zone Cortical zone
LH(Table 2, Fig. 2A), 2 Gy A=A & 3A7HEE] ¥ 1 + + -
= Tol o ) 3 ++ ++ +
Athsk F7hell ) TUNEL Al A|E7} B2s) 7] ek : o S o
T(Fig. 2B), 6X7kelli= FAAES} AU} FoNA 12 T - T
S @o] velkon s Al TUNEL 94 AIE7} 24 e T o

A4 PR Agsiieh AAH oz BANZA F 6
A7l TUNEL QPAAIEe] 2I7h 2515 o] £9lchFig.
20). o5 REE 247744 A%k Fig. 2D).
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Fig. 2. TUNEL-positiveness according to the time course. The apoptotic cells are seldom observed in non-irradiated fetal cerebral cortex
(A, X60). At 3 hour (B, x80) IZ and VZ show many TUNEL-positive cells but fewer in CZ. At 6 hour (C, x50) the extent of
TUNEL-positiveness of all three zones reach the peak and persisted until 24 hour (D, Xx80).
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Radiation-induced Apoptosis in Developing Fetal Rat Cerebral Cortex

Woong-Ki Chung, M.D., Ph.D.*, Taek-Keun Nam, M.D., Ph.D.*, Min-Cheol Lee, M.D., Ph.D.",
Sung-da Ahn, M.D., Ph.D.*, Ju-Young Song, Ph.D.*, Seung-Jin Park, Ph.D.t
and Byung-Sik Nah, M.D.*

Departments of *Radiation Oncology, TPathotogy and *Medical Engineering
Chonnam National University Medical School, University Hospital, Gwangju, Korea

Purpose: This study was performed to investigate apoptosis by radiation in the developing fetal rat brain.
Materials and Methods: Fetal brains were irradiated in utero between the 17th and 19th days of fetal life
(E17-19) by linear accelerator. A dose of irradiation ranging from 1 Gy to 4 Gy was used to evaluate dose
dependency. To test time dependency the rats were irradiated with 2 Gy and then the fetal brain specimens
were removed at variable time course; 1, 3, 6, 12 and 24 hours after the onset of irradiation.
Immunohistochemical staining using in sitt TdT-mediated dUTP nick end labelling (TUNEL) technique was used
for apoptotic cells. The cerebral cortex, including three zones of cortical zone (CZ), intermediate zone (1Z), and
ventricular zone (VZ), was examined.

Results: TUNEL positive cells revealed typical features of apoptotic celis under light microscope in the fetal rat
cerebral cortex. Apoptotic cells were not found in the cerebral cortex of non-irradiated fetal rats, but did appear
in the entire cerebral cortex after 1 Gy irradiation, and were more extensive at the ventricular and intermediate
zones than at the cortical zone. The extent of apoptosis was increased with increasing doses of radiation.
Apoptosis reached the peak at 6 hours after the onset of 2 Gy irradiation and persisted until 24 hours.
Conclusion: Typical morphologic features of apoptosis by irradiation were observed in the developing fetal rat
cerebral cortex. It was more extensive at the ventricular and intermediate zones than at the cortical zone, which

suggested that stem cells or early differentiating cells are more radiosensitive than differentiated cells of the
cortical zone.

Key Words: Radiation, Apoptosis, Rat, Brain
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