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ABSTRACT

This research investigated morphological changes of ovarian follicle according to dose of irradiation when
adult mice were exposed to X-rays from 6 MeV LINAC. At day 3 after irradiation of 200 ¢cGy, 400 cGy and
600 cGy X-ray to the hole body of mice, the ovaries collected and stained with TUNEL. The normal follicles
and atretic follicles were identified to apoptosis by the staining with TUNEL. In the atretic follicles of the nor-

mal ovary, the apoptotic bodies were well appeared and stained brown color. Almost of the follicles following

irradiation are stained with TUNEL, but the sensitivity of reaction is weaker than that in irradiation of 400 cGy

and 600 cGy X-ray. The granulosa cells of the radiated normal follicle by 400 cGy are shown brown color. In

this stage, the nucleus of granulosa cells in the atrectic follicles are condensed and picknotic feature. The size

of the radiated follicle by 600 cGy are decreased than the normal follicles. The atropic follicles are filled with

apoptotic bodies which change of granulosa cells and theca cells by influence of X-ray. All of cell in the folli-

cles are strongly positive stained with TUNEL by irradiation of 600 cGy.
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3} 2AE AA 44 #27] (hydrogen radical - H)2}
=8} A} (hydrated electron, ¢”,,) ¥ $=4}k7] (hydroxyl
radical, - OH)¢} 22 13 f7]|Ee] FA=HH
(Singh & Singh, 1982), A8 o2 MAE 7|5
45 Akt 7lEr BAEC] A o8 wsAl S
A 2z} #-2]7]E (superoxide radical, hydrogen per-

oxide, alkoxy radical, peroxy radical)2 AJAlstA =}
(Ozkan et al., 2001).

olglgt fe]7]1E2 AHlE HellA wheide] SHY|V
DNAS} 83, 3}sbAgte] dtel} 7lw Age] A
T AATA EAL F2A WHIE op|AF)aL(Fri-
dovich, 1986), o] & <3l &4 3433}o] A 3}e} DNA,
A gl il Fol &AbE Wl ofuje} M| Eufe]
x5 Aupitn 439 ddubs-g T3] x4
A3 7L o2 EY} (Emerit & Chaudiere, 1989; Kim &
Lee, 2000). FAF21R1A ] Z71= M2 e AbslA &4}
& Qoslw 7L A1) AL sl5 B st
He 28, =39t fAH Ade fdle] He
7o 2 ¥ ¥} (Bowman, 1986).

I3 3 HrE 9 mEIZegolNH AlEd
F28 Az 27\HeA FAPAR] Y] Fe) Aleh
3 Sl s Az E fUsie oW Az o
YAl 2A} &S TP A6 WA A A
& dold o|HT M=z A= PEshHe &
e a4 A B =z 4 g
wekstn BENE SHdo=z Eql & 4 gl

o] 23} WA & A Zoll AL M 2] F4] A,
AHd, A}, Edwle] 59 Wl vehde=d Alzat
2] Az 34 F 7R vepda A ZAbE-E A
SEof| A A} (apoptosis)2} I A} (necrosis)E FE-5}=1)
o)7L AMEE = N ZES] A, AstetA, Bay
B zelz PRI Qo AE AR 5FH
AxzAbd, M 2zAE 8 AZ R HE 58 (programmed
cell death) S 0.2 Fa3lar Qle). &, Al Zrtol} M=
271% o] AAAQ g FAFHEA 4 A
o] gAA ] gAY HEAA s}t ASHEA GHs}
Ho apoptotic bodyE At M ZAFA| ¢olz2:=
7445 e}t DNAS] 3} &, 3o Alold
Al DNA7} 22 AdEe dAfe] dolvkxm 1
DNAE F&3te A7|d5shd oF 200 471% niot

)

>
i

Alete] meke] Aelo] v Ae] BAlet

olell wlg] MEIAAR: HME7} 58 o d55, A%
¥, dg8, AN 5, o, Az, A 74
Z 29AA o] A AzgHd vt }EE s
ol ot A R 340 2hgel oA AL
g doFlt FArks 1 A, =AY FF/, FH A
o] we} -7 A} (coagulation necrosis), 22 A}
(liquifaction necrosis), Z1 &3] A} (caseous necrosis), #|
v} A} (fat necrosis), 3] *4d3 A} (gangrenous necrosis)
oz vehdrt

Az AL AAFe FAA Vel Az 2
B ol Az A7, 53] v|EFT=gjots} Al=Eq
o] B3 =7] Aell 3|8 4 R 4 AT Sk Al
ZgA-e] thh FelAn] gL & = U3
o ol dofdtl ol AV A7) e =&
=g M B4 22 Ee] Aoz =eH
o]t} (Kerr et al., 1987).

A ZAAAE dodle AAES AHlze Beldo
2 243l7] dEel N2 8 AZEedA delve
AZAQA HHL 2706 Z7] 98 A AR,
F2A o2 endonuclease?] A3}z Qlsle] w7l
Hog A7} Fol olEt AEAAALE AA3H=
AELARA T AAAAES] 2Hg-8 Adske
B A77E Adelstet olH 7 AAAAER AL epi-
dermal growth factor (Hassell & Dratt, 1977), erythro-
poietin (Koury & Bondurant, 1990), insulin like growth
factor-1 (Barres et al., 1992), activin (Schwall et al.,
1993), transforming growth factor-f3 (Lin & Chou, 1992),
gonadotropin (Billing, 1993) 5¢] B35 3 glow] o]
23 AAAAES Fad FE e Hekez &)
g glom o]Eg A W FH A e

HE APEL Uz E oz 3 s #A
oz MzARdAe] AR, £EA dF =HAAt
(Ligand)®] Agl, vh-g7] AbA WARE, o] 23} whAA
o 28 DNAEA 5 H=zol A7 o A5l &3t

f &=} (Collins & Lopez-Rivas, 1993; Nagata et
al,, 1994). Al 2 34 Fx2] W3l APdA 2] 913
Z=lo] blebbing® X 8}=t] (Wyllie, 1980; Cotter et
al., 1992), actin®} actin-A% TAQ) fordrine} 23
7 olei 9uAYe) Wsle dedldn AAHT
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1.

2o Az B e AFFo] ol FolA]
S SR FA7A AEAE Astolt A 5
4 0 HEH WA Aol oA shat

600cGy2] X-A1& 2AFh= 7
ol ZAR F 3U3F ARG g 2
EAZ AN $4E BAZABA doe 5
Ygozd Az B4 F1EE AN ST 2ALF
of e HEY Fejstd MY Helsgch

L = -1

1. A

ngt

S=

£ Aol AT APFEE SDAF 573
ICRAFAE Ag3tedet. A2 12/124)7) (light/dark)
2ol M ALRS} B AN FRAFRA 159 o
A Ag A7 F AQell ALgshech

2. MEZ A2l ¥ WA ZA}

*

A% 5FA A AF e ) zow by
o] X-A& 77k 200, 400, 600 cGyE 4] 2A}sh7 3
7 ALY G 4T A2se] AHe) ALgHS
o 4ol X-4 241 ) 1% 24, & SAD 4%
£ 9] gkl 2 AALE AT A
Iotele) AA7F XA 2APE A AREa 3
AL AN A4St Az WEE 2o 9
skl A7 LS A 1o A

XA 271 ARG 8A) o Mzl o
£33 ¥ " VarianAle] CL 2100 C/D A8 7k4:
718 olgdtgon] 2HQ
A&7] 9sled X-A oA = 6MV photon beam (X-
A olgakgih

AgzALe AYLw 255°C 7]¢hE 755 mmHg A+
ElolA Dose ratetx= 200 Gy/mine]¢] 3. SAD: 100
cm, FS& 25x25cm, SC factor¥= 1.038, tray factor:
0.970, SAD factort= 1.0300]¢ie}. SD A3 533} 9FA

3t skin sparing effectS |}

AF JFFAE 4cm(mid depth 2cm)E 3Fg].om
AR FAR= POP (parallel opposed pair) 2 ZA}81]
ot

X-AM zAb 9 Mk 200cGyE A-PE 100
cGy, P-AZ 100cGyE 2AFSIg AL o]we] MU 72
97 (AP/PA)©]| 3l 1, 400 cGy ZAA]E= A-PE 200 cGy,
P-AZ 200cGyE FAREIE T ojule] MU 32 194
(AP/PA)YSI T} 600 cGy ZAPlAE= A-P2 300 cGy, P-
AZ 300 cGy AR} L o]wje) MU 7k 291 (AP/
PA)Si}

3. TUNEL A4

dzelal AzAHAE Felshr] sleked erminal
deoxynucleotidyl transferase (TdT)-mediate dUTP-
digoxigenin nick end-labeling (TUNEL) W& o] &3}
+ in situ apoptosis detection Kit (Apoptag: Oncor.)E
Abg-sld et WAx=8 paraformaldehyde (4%)ol] 5L
A3k paraffing FFEAIA 6um FA 2 vEFc} &
v)g A -dH-L xylene & paraffin-g A A%t
alcohol#A & AR & 55l AT
A7} JElPP Z7 AHNE Tris 43 (pH 7.6)0.3
A Hg & 2] Y]] endogenous peroxidaseE A # 3}
7] Skl H202(3%)i Aol A 3027 Astin. &
Fipell AR F Tris 3 e] 270 371 478
77 584 AR Apoptag Kitell EF He gl
equilibration &N o2 1587 g o1& TITS
7okl 37°COIN 082 AT W3E
A7) 99 e gzde) zAEAE W3 A
oA 3057 A3 I Tris 2N o=z 33 AH3}
Ao} Tris Ao AW 224AH-E anti-digoxi-
genin-peroxidase 2 A-ollA 3037 ¥F-EAIR) &
Tris k2 o 2 M 23k DAB (0.1% in Tris)& H,0,
(0.002%)7} &3 gHoz 187 AAA S/
2 M &3}, methyl green (0.5%)0 2 3087 w7 <
A& X sk} Barehlc,

o

#

Z8-79 darx 43 (medullary region)®} &
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(cortical region)Z FAJH o] glc}. S M71AF

Z
Aoz Yool FHA AT gl e
A F4R FEEe) T2 o7 9o, oF w3

Fig. 1. Light micrographs of normal mouse ovary. Paraffin-
embedded tissues were sectioned with the thickness of 5
pm and stained with hematoxylin-eosin. A is a part of
ovary showing atretic follicle (AF), normal follicle (NF).
B and C are magnification of preantral follicle (PF) and
antral follicle. O: oocyte, A: antrum, Arrow: theca, Ar-
rowhead: zona pellucida, M: medulla. Original magni-
fication: A= x40, B= x 200, C= x 200.

AAL AT ek

=2 1_
e =3 Ay (simple squamous epithelium) I

Fig. 2. Photo micrographs of normal mouse ovaries stained
TUNEL immunohistochemistry (A, B, C). Paraffin-
embedded tissues were sectioned with the thickness of 5
um. The normal follicles (NF) and atretic follicles (AF)
were well shown. In the normal follicles (NF) of panel
B, mitotic granulosa cells (GC) are shown and apoptotic
cells were not observed. In the atretic follicles (AF) of
panel C, the apoptotic bodies(arrow) are well appeared
and stained brown color. GC: granulosa cells. Original
magnification: A= X 100, B= x 200, C= x 400.
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+ w3 ukAbe) (simple cuboidal epithelium)2 -4
¥ A4 (germinal epithelium)E-o] E=#t3 gie}
2= (follicle)x 734 X (granulosa cel)So) ¥ =
B 0431 o2 WS YR Y TE2E
ATk A W2 ) daelA Tekat A7)
o . % | #2= 0} (Fig. 1-A, B, C).

AAAE) Espdzold N2} DAY E=
& 237 91814 TUNEL A& A2 8kedv} (Fig.
2-A, B, 0). ¥49] dzoM AFAE o o)} 23
kil J% Eqldl7] 913 TUNEL Aol Aabdzo)
2 A3 ubgo] Yol ket AAbdEe) 7Y
FHEY e dB fAEG S APsty giglen,
Hzel wdx dAsA A5 AT} Fig. 2-B).
T, EahdEol N AYSIAEES Az A)
APE T 9 e FAHGD o] F AEEL 3o
&5 Qlglen, o Az apoptotic bodyEo] &
= el g Akl gl A& Felstela, TUNEL
Aol FAE Hole HNEEL Z2AL oz Qg
o} (Fig. 2-C).

A9 el 2zt 200, 400, 600 cGyE AR} ¥
39z ARSEE B8 AF 3 22& TUNEL g4& 4
A8kl (Fig. 3-A, B, C). Ztzke] R Al w2
B2 FYH ) MEAHA) F29k HwE TUNEL 9
A B3t Fsigon], XA 2AE e o)
HxE A4z B o 37} wERes
ol Ag FAsE oo 2 AR XA 2
Abell olEiM e FASE A EA 29} Yz
o) Az} @AsT A48 Dol 27
9& =HlF 4 sk

200 cGy® FAME GTE FANEZ wFoA
TUNEL Aol A} l=d dxzA= A
A7t 2L «1314_ 1’11«1 °]"P SEEN=E FEFT)
Alzteteict (Fig. 3-A). T2k, o] A7)elA dazs)
AA 2] G Aol 4009} 600 cGyS ZAlsh S
w9 Pz e vwA A vebge

400Gy ® AT Gao] dEelA Hepdzs
T8 745 M 2%7} TUNEL pdut oz v}
PR, G o RE] Az e $5Fo] g
=7} 7FsA el 23, Eihdy guEe me)

Fig. 3. Photo micrographs of mouse ovaries stained TUNEL
immunohistochemical method after 3 days following
irradiation of 200 cGy (A), 400 cGy (B), 600cGy (C). In
the ovary after 3 days following irradiation of 200 cGy
(A), almost of the follicles are stained with TUNEL.
The granulosa cells (GC) of the radiated normal follicle
(NF) by 400 cGy (B) are shown brown color. In the
panel (C). The atropic follicles are filled with apoptotic
bodies (arrows) which change of granulosa cells and
theca cells by influence of X-ray. White arrow: Apop-
totic nucleus of oocyte. Original magnification: A=
x 100, B=x 200, C= x 100.
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o] dAsA gm Hezl Aelz B (Fig
3-B).

600 cGyE 2AMEE WA= 22247} TUNEL 9
of 73 cfAdukg-e] el (Fig. 3-C). AAdE:
S FEAL U AHENZE] BFE A
2oz veptor, dxle] dx gA=ge) of A
7194 600cGyS] X-A FAlIAM GdRAZ% ojn] A
ZA AL AP F o] =& AT 5 U
=3 dxe gAa e A deEx ¢
AAbsE vehdlo] 2oz galo] Hglon, 5319
AdzAN 2L A= Aoz G I3
o} 600 cGyE A ¢4 HialdzoA] v)Riie
AZEE AzAAGA7) 2=} g1glem, apoptotic
bodyEo] d= el A=) K, o] A)7)9] i
Z2]e] AubAQ] GA e AAF] XA 2APIA R
ok o "A3 73 GAX o2 Jepgo(Fig. 3-0).

ek

a

o] 23 WAtdel I FY AMEEL I 9 AzAd
A W37E dejuvim QA PAMEI) o] 23 what
Adoll o3 adEve A w2 g g
(Dobson & Felton, 1983; Erickson, 1985). Z18]31 ©]-2
3 wpabdel A AAL) G ol whies
QYA E) A A, Fejatd x7, Axze) A
A=, A4S M3t 9§07 o3 Fo| A7
o] gt} (Lindop, 1969). Ronnback (1983)& 31#e)) 1}
AP strontium-90& Fi3 BjA}e) G ) Al
7} Aadhs e Bysidet w8 XA, v-A, $A
ZH4 (neutrons) - kARl (photons) Sl W3t w[AIS;
WAke) A 9A vl wzbsldn nas g
(Erickson et al., 1976; Gregg et al., 1978).

123, iodine-125 ¥ B-AY AFE4CH0E
F BAFAL 32 o=z JAANA F A%
Hoz HAFPL W da W DA ) sl
e BT IR st G2 RAkE 3, s}
AEEH, AP 2] 98-%5 o] doldnye no
- (Kapoor et al., 1985; Lavu et al., 1985; Satow et al.,
1989)2- d27} HEEloh= A& on|gie a8y vt

A A &g A8 QeI QA ARER X-AS
o] 43 x| el FHAA AT A7= wF
& Aol

B A7 AA 7 A 200, 400, 600 cGy2)
X-Ag A1 ¥ 3Y0] AAE 22E& dukzA94
I BESxx] dAoz AT A9 dxe &L 4l
&3 WG, 200Gy AN olv) 3
A2AzE AzAel AAS BFAM et =
Aol 7 B4% oF AT B S33 92
23 W) FHA vehdeh do] SE5EA
AR be ATANE A0 Aol AE &
4 St o)% 2 wgE 2g3 Aol A o
Loz wxRGrb] Wiy, Azl FFe £&Fx
Az W $He] Aoz Jehdoh(Savill et al,
1990).

£ Q79 SpmAddos dE9] I o
el AR Ak BRARL oA 9
Nehe BRI ol 2L WYL ALY cho
Mol P olE 2Ae PARE JEES Wye
dojuiAl Hw, A3 AAUFS] X-AelA] ofn] A2
A=Al &8 ol Ee] Fx23 WIo| dod
 FAl FAAEES] Fakel MZAAA Dol
e A 2v]di.

A ZAAA AR o3 7R AE)A 2Tl 23] do]
e, AFE A S Alze nEZEetd) 134
Tte] FAHAT o] Ax APHT blebbing E
bubblingo)g} &)= EAAHQ 27| vehtA =,
o] Al7]e| AFA=e] A o] FAH(Kerr
et al., 1972; Wyllie, 1980; Kerr et al., 1987).

=A% BN AR AYste] 225 <
HeA) 2D B At A2 2)7h o}
A s des 2R dokes), 799 AL
A AZE AEA P FA2AN 420
32 Yosld gew), Aze Axayse) el
AR ¢kgt7] v Zolo} (Kerr et al., 1972).

MZEAAAR= Al£ Y] genomic DNAZ} endonucle-
aseol] 9)3te] A goll= 700, 300 @ 50kb=7]2] high
molecular weight DNAZ 2 X 31, o]o]A] nucleo-
some 7] (2F 185bp)2] oligomerz. &R A FHr}.
o]23t DNAZA3= Ca**9} Mg?*-dependent endo-

-‘ru
s

o

—_
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nucleaseel] 2} of it} (Cohen & Duke, 1984; Kypri-
anou & Issac, 1988). o] &4 Bo]d oz DNAZ o
Ab 292 Aggho 2 DNAL: 185~200bp 7))
A2 RS YA "k o) AL agarose gel A
71%3% ¥l ethidium bromidez M3} Haim
DNA band7} Fglo] Abde] wobe veplls Ae &
A & S deM, HEAA S Hrleled o] DNA
FE3 24 who] g o831 ok (Wyllie, 1980).

=3 o]t DNAR-A 3= apoptotic bodys} <]
5T A2 Az &9 Y 540 st
Hehts datos QAT 9 AR 92w}
AZAY 2713e] $55o) o] el Azl
AL A AT o, FOM e 23le Al
A A=} (Kerr et al., 1972; Wyllie, 1980). o] 3} of| 2]
YYATLL FhdHA) gomz Az o Bdo) M=z
FHell FE2HA dol FS Yog)A] gt

2 dTelM Az Hapdze XA z2AE
B Fe] AAA 29 DNA £4355 sy ¢
A TUNEL 948 AA3 A5} RAahdae] 5shd
EAA S VR T XA 2ARIM = 7
T P e & A7l B
X-4 A gko] 200, 400, 600 cGy® 27156 u}e}
AR 7S dAel Fden, Aabhds WelA oA
WS Hol: Axe WHE FAsH Hoju: A
< A 4 ek

oj¢t e A AYZA 27} dE HH o Fo
elo Mzadale] i Estdo= Ae oju)
et AFFA ZAAN 73 gk Wl y)zke
¥23t5l DNAS] 39} 5 prime 9F% Zoj digoxygenin-
ddUTPE 7 A17]7] ¢}8) terminal transferase & A9}
ZAg=o] 9l 34 anti-digoxigenin-peroxidase s} HF
S3te] A e] VelA e} (Billig et al., 1993). =
T 2 A7 600Gy ZAMIFAA] FRAZE oln]
A ZA A Aol P02 vehdon, ¥
Z Fd 71de AgzAAE dEx 2o r 94

el Sle AL HUE 5 sk

ok

F 0
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