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N7 ol AMF FAL2ARZ FET
hormesis &}
o|X, &MAL o|glo}, kM2 ZIAl

Al
R EAEICEE LI P SRR TR

2o A v ek o) Fo et Abxelwet Al

F& tHormesisg o= AEA7}F Apd el EAjshe A=) AAF A w2 548d 5ol =51 ¥ 7]
el Hehde o2 & ik AAEL 27 drelA A A =
o] hormesi&-2 dolr v} o)

£ AdelAe 457] 7l 217 (Sprague-Dawleyl §) & w24, 2 CGYRART, 2CGYZALE 2GyZEARE | 2

GyzAkroz vheal, 7b e o3| WA AR 2477k SPAA s HEeka R e A
23 ¥ H&E 4=t TUNEL WA Al getdmZ oz 7t & Atelo] s dze] v]&3} dxe)
A G Ee] v EE v asksld.

= X*z%l Sz AR s s dEe] W& 2 GyEARE(55.35 %PIM 2 cGyt+2 GyERARE
(39.27 %Il wlste] AA3] Frisialond, o] T e wE AhdEe] wlE 2 GyRAR (YAt E,
82.15 %; 253 A E, 63.48 %t xS W, 21.58 %)R T} 2cGy+2 GyRARE (YA E, 94.37 %t 253
ARGz, 78.81 %FEg FE, 33.09 WYX mE REETA A FoleHAl S7) st

ol A AR kel ojs) dEEgRA e hormesiE st eSS vjshs e o=
#AHd hormesisd 7ol §lof 3 mHl2 AR 4= Q& Ao Al

S

ZolE7| &2t : hormesiga}, Wtz 2], Al £ 374} TUNELG A

M 2 s 7F AAE 2 7E AL gl A ol
AEAE 7431 e A7 WA olvAlE
WA o] qlAlell mIXE eddke 1896d HEA  Ft £, IS A e d AE
uhatel] o)a) X-Ale] AR ol (Hall 2000), A4 34 2g& FLae ofw Ao stehlgo
FEEo] gtom, T Lo WA m: v B 2 AL AL B4 5 AR EAe] &2 7
o] o] go] oeg U4 F A fx=m Tol WPl Ha, vert GAAY ZIeF A2

<) ha
FEEHAM A, Moz el =29 737

9| =42 23 = (Kang 5 1996), ]}
wold 7, A s F2 27| wel B & Az EAbo]l AE AAel mHW Awy) 7
AgA ZHME o] g File] A ¥ AAA Aozt vehtar, 538 A Ze £

g Aol AaA G A §08 gele
nks}7) o} (Choi S 2004).
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AlgEe] W3 9§34 o o] ATFHAA
2 (Lindop 1969)¥Atd o2 <3t |34} (apop-
tosis)e} Az o] wherabg, 7
2 (Bentur5- 1991, Lees 2001y H3]
{8k A7} o] Fol A St

AFES ZAA] ok damel 609H~20091709] 12}
GEAZE Zt3 glojuA|nl, B St ofAIAE
Atd A Q] dzF 7L Gofit AET]ell= oF 4090
o] mA|Euke] Fa1, o] 2 oF 100~200 A=~}
221 dRAMZER FHeol AA7IZF Ftk Wiz
(Thomas 1992)e]8]8t 7rat Al |2
2 Yoy, o] AL HFZAHE M EIALE
E3 A oo (Tilly = 1991, Hsuehs 1994,
Johnsons 1996). A £3AF= 7RA)2] Bd a3t A
Zvh dREE AAE Fe3 VHeR, I 3
HEM 2] A EzAb] dgt A dEe] =]
o} kg gHAle] el o Aoz e b
(Tilly 5 1991, Johnsofg- 1996).

A Z7HA] ol mA|= wAMAS] &l W
ATES dRE AR ARGl 9sk A7 (Kim
= 1998, KimE 1999a, KimE 2002)s-24] i
5 upabAde] flallel gt AEel A 2 ATl

st G A M 2 dEAEE DA oA o

2}, 5= upabdel dis] 9IS eh A
AR FEHFAHZEES WA A o] sle] HiA

._El.

Gl

oft
oflt
L oX,
X
22
o
Jo

[

o

== 7ol B o] gl (Songs- 2004). o] 2}

FAste] A A YAt e] FAH AL IS vz
+= hormesigld o] Luckey (1980y] 2l&] x]g&o=
318 o), AAlzke] WA thymidines] Agre]
=77} AR w2 Aeo] fEHo] o]
A pAlRke] wabd ez ZeiEl A &
Alo] #-2ol5HA FrAEtiE= ¥ a1 (Olivieri 5 1984)%
wEale] o] A7l wiEglew (Wienckes
1986, Shadlegt Wolff 1987, Sankaranarayandg
1989), 2| Tel = Al Wo) FxFsh vhgse] T4
Az F7] AAA BT vlad A
ol gatel WA AW Y wush(Min 5
1998), 92j3t AL F by s Al
2 Al¥)aelsle ARE W ARshe WAL oo
9l **™TC methylene diphosphonaté{TC MDP)|

)

)

&R IFel M= WA Aenbsol F
E3¥d+= B3y (Bom% 1998, Mingt Bom 1999)%
°] Slet. ol& A WAl 93 hormesigz}

=714de] ofx wWEtetA wsAA] ARAN,
£ DNAZRE fAAp7L s o] Az o

ki
o8] dojul= ¥ hormesigatell w3t Q7=
F2 HANZE FoA upAtde] 7B wzkE A
=13

o] o]FolA §k31, mp-g- F4A| e} A APA| Zof| A
= B3 (Cai¢} Lui 1990, Min % 1998 u} <)},
T8t ZR5EA AHE oleridl B4l
A 713] el I A7E obF] Bagnl ¢l
o} ofell Aglsled MALEE WpARAe] RIZMEE A
A& Yoz A WAl €3 hormesis
g wre)azr B A5 AAE

R
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3)7] (Sprague-Dawleyd))= o)
sharsletd Faol M AF 353 ] 47l 80

stod, 2 g FEAMSAA 2= 20
+F% 60+£10%=2 AA3HA FA1% 3H7 A

(P EFa Ba), B33k FT o)
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bestel 49 522 ALgatalnh

AP EEE YA 2T 109)2), 2cGyEAbe 200}
2], 2 GyzAk- 20m12], 2 cGy+2 GyzAl: 20m}2]
9] 4702 o], polyurethanei}zapdlol| 7}F12
AN zTE AQs 3FE 4F ] AztEE F
9% 5A0] 2 dst Aol WA
400 rad/mintEko 2 2 cGy+2 GyFAlZ = 2cGy
o] MM D3| 2ABIAL 244 71F]] 2GyE AL
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sl 3, 2 cOyEAbEst 2 GyaAlEls 7 ARe
w3) zAbshleh ol AbgEl AL Fie
6MV-X A (Mevatron67,Siemens, Germargy)A}-4-3}
Qow, 24 WA
face-distancey 100 cm7{gjol| A wlZ H}gko =
2998 e e A=A ALgE 6MV-
XAe slsh 15ecmZelolq Hejeke] A==

bl HjMere] FASA 2 =S shedek

shpdere] A4e e PR Fme Sad 2
) duAld Axl, AAeke WAk hormesig =
dozl £ glx W2l 2cGy (Shadleg}t Wolff
1987, Macklig} Bresford 1991% 3}9lxr, A e
2Gy (Minz} Bom 1999k 3}9ic}.
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22
o
>
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£ woﬂ a2t el Zohsta Sum
updsle] Lol =g AlZsigich Wbl o

4;&4 Hefatel Wske) Gl WA E sl

71918 HEERAE AAsle] 2 2& 23 W3

ssie.

4. TUNEL A4

G Ht ARHEA dehls dx B2
Az Azuse Pz Aasr] s A
H3}lxl DNAES A8 4 ¢l= TUNEL (terminal

deoxynucleotidyl transferase biotin -dUTP nick end &

labeling) 944 A A8k}

TUNEL 42 5um F7 = 2bdd =449
silanized coating slide (DAKO Corporation, USA)
o BAAA Zetolmg AT Yt F
ApopTag kit (Intergen Co., USA A-g3le] A A5}
gt stetgl o] A A" =22 3-E& 0.05M phosphate
buffered saline (PBS, PH 78 o2 5327} 443}

- proteinase K (2@ig/mL in 0.05M PBSE A&
oAl 25~30%7t HkEAIZ] ¥ FHpR 287 33
FAsE FAake A e AS AlA sk
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30x 30 cm, SSD (source- sur-

o} =& WA A peroxidase] &4 A=
H,0, Ao 3027} ur-g-A]7] ©-&- 0.05M PBSR- o
2 5—‘":_’— 7+ 23) AAsk3 equilibration buffes] 108
2 HEEAA FARAN Dol 4 gl wlEold
28 A slgit}. o] & reaction buffer 7L<}
terminal deoxy- nucleotidyl transferase (TdT).83%
£33t working strength TdT (11QL/slide)S =t
E F 2AAE A "ol v-5 7nFekX (cover-
glassg 93 37°C humidified chambef] A 147k
Zq} ¥k A A} o] 5 24 37°CE H-$- working
strength stop/wash bufféy 10537+ Al 26| A} HF-S-A]
Zict. o] % 0.05M PBSg-9) o 2 577} 33] M|#3lx
anti-digoxigenin-peroxidasg Al-2¢] humidified
chambe#| A} 5A7F gk WHSA Z ek uk-g-o] Pt =
A2 0.05M PBSEef o=z 5%z 33] A3 &
0.05% diaminobenzidine (DAB) 0.3% HO,& #A
7¥ste] 208-7F AlZellA] A Z 0w, 0.1M sodi-
um acetate buffer solution. 0.5% methylgreen (PH
4.0y% W] 1087 Aol A WAL shin
GAle] B =AAALS $4] F 100% ethanck
g4=313 xylene x]2]3k& permanent mounting
media (DAKO Corporation, USAY. B-¢]3s}e] 333t
dr|H oz FFssch

Q3 2%

1

o
e

B
B AFoA] A& H&E Mz EAME= Fx9
ejsbd wshel WA S, TUNEL 944 E2o
M g e} Az Azt Aeg e
z1u] 7 (Nikon Ecllpse E600, Digital Sight-Ul, Japan)
Sl e BT F AFE 2Ee] F5

o] 8 It} AA Fxo] 4o} 7 wigulA wWa
Atz F5 A5ttt "]';f_-/] nre o= o
Atz o} ]i]-‘;‘r;ei FEE9] T, oahtEl A

dEAA b=, dEd dE EFted s}
9} (Clement 1992, Fukumatggr 1992) (Table 1).

ArpdEs FEPYHA GE P dEy JE2T
W] 10009} 2000 = FHakali A YAl 92
U= E Table 2] £7{7]%F(Byskov 1974, Hofmann
% 1990p) whe} FE-shdet
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Table 1.Classification of deveplopmental stage of the follicles in rat dvaria

Stage Characteristics
Primary Below two to three layers of cuboidal to columnar follicle cells. As maturation progresses, the oocyte enlarges.
Preantral Several (above three to five) concentric layers of granulosa cells surround the oocyte.
Antrum is not formed.
Theca interna layer is not yet apparent.
Zona pellucida is appeared, encasing the oocyte.
Antral Antrum is formed.

Oocyte within cumulus oophorus projects into antrum.

The theca layers are well developed.

The wall of a antral follicle has three layers of cells
1) Avascular epithelioid granulosa layer adjacent to the antrum.

2) Vascularized theca interna layer separated from the granulosa layer by a thin basement membrane (not seen)

3) Outer theca externa layer composed of smaller flattened stromal cells.

2: Classification and data taken from Clement (1992) and Fukureag(1992)

Table 2.Criteria for the identification of normal and atretic

follicles in rat ovary in this experiment

Normal follicles Atretic follicles

Granulosa cells No apoptotic body
Germinal vesicle Round and clear
Basement membrane Regular, undulating

Antrum(in antral follicle) Clear

Irregular, absent
Irregular
Numerous cell

A A
43},
=) W g3} »}zo] 7
AApdze) wee Fobel 3
omn, Student g-tests- o]8

& AF3hdeh

_ _ll)h

X 5g
Artazel] A3t Hsid
l W AAGE F

Foxtz el

s}o% PETR

o r_>.4_, _\1}1‘

R
=

E

Apoptotic body, one or more

SPSSWIN (ver.
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WA dEW el N ZTARA S| oFe] Fbsla FEH
W AZIAA 27450 WolA e} AExAE
o] Z7Hlom, A3 Az} FHF Alo|o] dZ ]
EH s A

G A3 ZA 2] AEzTAE 2 $1X9 &
Aol T2 oz AztE T il o] A A%}
g Hz3ARE AT A2E AXA g 3 HA
o] APSH 2ol FFE = S Bolem, NEx
A dol HRISH ZEEE Hig oz RE He
Heol MZzIAAE FAsHA dza Y2 oA
it o]} vlEe] URAZE WIS 429']“4*1
7] AAgon, FHEHoR ‘&E |2 9]l
WE HHIHZEE AZTAE dode He] 3
2= 9o} (Figs. 1~ 4).

=

2. TUNELEA A~HA

1) H4{tzol Bl
AA Gz FolA G ze] vE -3— A AF =
oAM= 34.23+1.98%= e}y o
gt 2cGyRAE, 2 GyRAE, 2 cGy+2 Gy@}foﬂ A
z}7t 33.6+2.47%, 55.4-1.85%, 39.3-1.95%=
Yeh}, gAY 223 2 cGyxAl, AN 223 2
CGy+2 GyzARAZ = froghate] 7k sldAIRE A
Az} 2GyzAREI= 23 #be] (p<0.01)
£ 19t} (Table 3).
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Table 3.The ratio of atretic follicles to the total follicles in each experimental group (%SH)
; Number of follicle
Experimental N : : Ratiot
group Total Non-atretic Atretic

Control 10 49.#%5.52 32.5:3.41 17.2£2.36 34.2-1.99*

2cGy 20 62.3:2.03 41.3:1.20 21.6£2.00 33.6£2.47*

2Gy 20 63.0£2.93 27.9:1.52 35.0:2.16 55.4+1.86

2cGy+2 Gy 20 64.4-3.03 39.1+2.44 25.2+1.61 39.3:1.95*

M £ SE : mean:standard error
N : number of rats

* : significantly different from 2 Gy group 0.01)
T : percent of atretic follicle to the total number of follicle

mental (%, Mt SE)

Stage of follicular development

Table 4.The ratio of normal follicles according to the develop- FAFE, AAe FALE Ak
o)
=

Experiment
group Primary Preantral Antral
Control 10 94.9%3.25 87.A6.76* 39.9+1.92*
2cGy 20 87.223.64 77.5:-3.44 53.4-4.15*
2Gy 20 82.2:2.77 63.5£2.40 21.6:2.29
2cGy+2Gy 20 94.4-1.40 78.8+2.71* 33.1+1.88*

M + SE : meanr:standard error
N : number of rats

* : significantly different from 2 Gy group 0.01)
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2)
dEzoAME AAGES] 9
ARSEA] @b A 2T =
87.7% o1}, WpAAS 2ALSE 2c¢Gy, 2 Gy, 2cGy
2 GyzAFZo| M= 22 77.5%, 63.5%, 78.8% 1}
ehget Gl dzo M AAGES] u]ge] uhAL
AL AR o> A Z=elA 39.9%= el
WY, v S AR 2¢Gy, 2 Gy, 2 cGy-2 GyRA}
Zol A 247+ 53.4%, 21.6%, 33.1% L}elyi)

B A A Haldzol et Aadzo] Bl
dxpd s, dEaEAA dx, dxd Gz nE
A oA 2 GyRAREHR T 2 CGy+2 GyZRA o]l
A felsHAl F7kek on (p<0.01), A& AL
A ke ANz HAdHERE FAE 2cGy

l-)l ot
&)

& ZAREE 2cGy+2

bz, GEEAAA G,

sk 2}Fo] 7} ¢ladth (Table 4).4

A 223 WIS 2AHE 2c¢Gy, 2 Gy, 2cGy2

GyzARLAIAM W Sl G227} AS5des A4

xo] mlEe] Moz A
o} (Figs. 1~ 4).

1980, Erickson 1985).

B AN A2EE vl B Al el
=2 7|2 4=# (StrumeS 1987, Mathurs-
1001) 439 A7), =& WA Ao B
A7) o] M) WAE 2Abste]
2o A9 Aol F2a & (Thomas 1992
szl ey AFA 25 Wits s
o WA hormesisg -5 73 A& oJu|7} 9l
Aoz Q7=

oz WS dEATE 2R POz
dolihs FrE e A T A|A7)w (Kim 5
1998), 43 ZH 2o H 522 AFA FEo]
FE A Aoz duA ot (LeeF 1998). 1
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AgFe daol] AR 7RIS o3k, WA
< Fae] HA F2E wstAZow (Jarrell 5
1986), A 2] W AA A AHZIA}
(Tilly & 1991, Hsuehs 1994, Johnsors- 1996)=
A dojue dEAHE SAAFHL(Kim 5
1999b),m=3F 322 W3lel| = JeFS Fo] A5
Gz #HE SAAAEY, ol dEAze) 4
A w7 Aelzta kel (Jacquets 1997).

bl o8 BeiZAEe] AETAb HAP

TES A EH, WG] 7)Aol A 22
FAA oz AZIAPL dejubes Zlew B
¢ll= X 37 (Chapman 1982, Hend#y West 1997)
oF WA 2ARE AR SA 2ol A dolid A=At
s 9Fo= YEAH7} dohta, ZEAM L} 2
FAM Y HYAZ RS WAz} MY TSl
whoss gme] FAHAe e F Aolehe n
1 (Lee2} Yoon 2005E-¢] it} m3t, HIAFA 2 AL
g ARSA =2 AEzTARE A4 ceramidey
32l Z7kel HRe] glow, o] ceramidédAd->- 3
AEHE7h A Wz e] QiAo kel et
Aok= Haux ok (Witty 5 1996). Ceramide vf
Aol dogle AEIAb HHAM TP FeT
AR A Z WA ZARE Eetell AlzdielA
AlH oz Z7)sb (Vite} Rosselli 2003) BFAFA ©]
ol Azl Al Gl AZelHE
ceramidel 57} glolx ok (Watters 1999 B 1%
it

2 AA= waAde] 2)8k hormesisg 2yl o2
A= A] (Lucky 1980, Olivieris- 1984),¥}A1A12] ol
e olgst7] A AFEo] olFiA U A
A Aoz dojuls hormesigab= 22 o
upeh, AW Al 2ol weh AY FES] FRFel o
g 924 §=9+ (Cai®} Lui 1990), 438 (Shad-
ley2} Wiencke 1989)f-=412ke] A7 (Baigt
Chen 1993)414-2] % (Shadley} Wolff 1987,
Ikushima 1989, Bai}l Chen 1993)4 22 wjjoke-
% (Cai¢} Lui 1992) 5of ulg} oJ3kg Hb= Aoz
oA gleh. o] ¥pALA hormesism I Aldke]
0.5~20 cGy Atelol|A] doludrl= w7 (Shadleyw}
Wolff 1987)7} slet. £ AFellM 2cGy2] A=

?

N

247, olglol, A2 Y, LA —

el Bof Al Aol AHEHNSE o
N3l
A Ao WA =AY F 4~64]7ke] Ao}
DNA3|E-o] dou}r] el A
el = A A S 241 £ &
o] = 93}7 (Shadleys 1987), 24zt o] 37}x] =
o] el (Caig} Lui 1990), 423 A-suk
o] &Iy} 33]9] M=zF7] F3t A&HE Ao
#] (Shadley} Wolff 1987)r}, 2 AdeA H=
]l AAFF 2cCys AR & 24770l =44
A 2GyE AR A= 443 Aoz A
=N
d2E APFEANA AMALL Gz et
(Strumeg- 1987)% ol whe} WA Al e] o
2 7o) FqlE gl er (Jacquets 1997),=3) |4
g GEYSEF A FHA ] Eol A F B
Alzbel Gz 7 F43] delutitie Eil(lee s
2000) 55 & o, & A7 AHeE 3FE= A
717 4~54 =2 At vlE] =g Z 5A
A3 glan, ol wel Gz HEEA 2} G
Zto]
z_Jl 3
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Zlabe A S4) W Abdsed dels Azke
3 BAR ZEpAd o] =) w el B ATl
7oz Q7=

2 QAFoM e d=zo 7 wdgubAeA A
ZZ A=A g2 ARG v o] 2CGyHEE
A B 2¢GyE 2AREE F 2447k 2GyE =
ARE oA foJEH ZoEk e, ol HES
EE 8 A AAdgez <& ebd
hormesist s}z 2 4= 9)Zlch AlAl= TAke] |
A& 2ARRE F 647kl FEe] w47 FA s
oz dojyhort 1247k, 2447 A|7ke] A}t
of wel AHAGEe] v go] FUIETE R
I(Kim 5 2002)z "] Azbs] B, & Aol
A 2GyzARZAA dold x| F7l= wkaL
Aol o5t A H Al 2Hgoz Qe dE A
x9] MEzAPE ] FA oz dolwdr] Wi
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Legends for Figures

Fig. 1.Light micrographs of ovarian follicles in the normal rat ovary. (1a) Nuclei of granulosa cells and zona pellucida (arrow) are
observed in the ovary. H & &,100 (1b) Follicles of varying stages of development are located in the cortex. Brown-colored
atretic follicles are observed in the ovary. arrow : basal lamina, * : theca layer. TMNBQ,

Fig. 2. Light micrographs of ovarian follicles at 24h after 2 cGy irradiation. (2a) Normal ovarian follicles are observed. arrol@saranu
cells. H&E,x 100 (2b) Brown-colored atretic follicles are observed in the ovary. A : antrum. TUNHQ

Fig. 3.Light micrographs of ovarian follicles at 24h after 2 Gy irradiation. (3a) Many atretic follicles are observed in the auary. arr
apoptotic bodies, * : cumulus oophorus. H &EL00 (3b) Many atretic pre-antral and antral follicles are observed. TUNEL,

100

Fig. 4.Light micrographs of ovarian follicles at 24h after 2 e&/Gy irradiation. (4a) Normal ovarian follicles are observed. arrow :

apoptotic bodies. H & Ex 200 (4b) Several atretic follicles are observed. TUNELQO
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Abstract

Low-dose Radiation-induced Hormetic Effect in the Rat Ovarian Follicle

Won-Jeong Lee, Sung-Kyong Son?, Min-A Lee?,
Yun-Seok Yang?, Won-Sik Kim

Department of Anatomy afBepartment of Obstetrics & Gynecology,
College of Medicine, Chungnam National University
’Department of Obstetrics & Gynecology, Eulji Medical University

Hormesis is the generally-favorable biological responses to low exposures to toxins and other stressors. Radiation
hormesis is the theory that ionizing radiation is benign at low levels of exposure, and that doses at the level of natural
background radiation can be beneficial. The purpose of this study is to reveal the hormetic effect of low-dose radiation
of ionizing radiation on the ovarian follicles of 4-week old female mice. Mice were grouped into control group, 2 cGy
irradiated group, 2 cGy and 2 Gy irradiated group (2 cGY pre-exposure group), and 2 Gy irradited group.

Mice were sacrificed by cervical dislocation 24 hours after irradiation, removed ovaries, fixed in neutral
formaldehyde solution for 24 hours, embedded with paraffin, stained with hematoxylin and eosin and TUNEL
immunohistochemically, and observed light microscopically the atretic follicles and normal follicles in various
follicular developmental stages.

In this experiment, the ratrio of atretic follicles to entire follicles in an ovary increased significantly in 2 Gy-
irradiated group compared with 2 cGY pre-exposure group, and the ratio of normal follicles to the entire follicles in an
ovary in all the developmental stages were increased significantly in the 2 cGY pre-exposure group compared with 2
Gy-irradiated group. These results mean that low-dose radiation pre-exposure can induce the hormetic effect in the
developing ovarian follicle.
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