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Abstract - To assess the radioprotective effects of follicle stimulating hormone (FSH) on ovarian
follicles, 3 week-old female mice were irradiated with 8.33 Gy of 7y -ray (group R) and followed by
5 IU ip-injection of FSH (group RF). For control groups, 5 IU of saline (group C) or 5 IU of
FSH (group F) was ip-injected. Ovaries were collected Oh, 6h, 12h, 1d, 2d, 4d, and 8d after
irradiation or saline/FSH injection, and followed by fixation in neutral buffered formalin for
routine histochemistry. Immunohistochemistry was used to assess the status of follicles and DNA
fragmentation was analyzed by agarose gel electrophoresis for total DNA. Staining specific for
apoptotic follicles showed high intensity at 6h and 12h in group R and RF. On the other hand,
staining specific for proliferating follicles showed noticeably high intensity at 8d in group R and
RF. DNA fragmentation of 185bp increased with time in all experimental groups. Especially 370bp
appeared at 6h in group R, then disappeared after 1d. In case of group RF, it appeared at 12h
and disappeared after 1d. From the above results, the irradiated antral follicles become completely
disappeared from 4d to 8d, and then new follicles started to grow again at 8d. FSH had delaying
or suppressing effects on follicular atresia after irradiation. In addition, it became clear that
radiation-induced follicular atresia was mediated by granulosa cell apoptosis.
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EZFABAWC) £L FSHE EZFAHE)SAT 0412, 6417, 12412 14, 24, 49, 283 8¢
o z+ FHEZ vt AFRdE 243 F JdAE 38 dAE neutral buffered formalin
3% F B4 FEZAS UERT HE €48 7|2z dA9z3 g S vasty o
A DNAE $%3} agarose gel 7195 & AA3ld DNA fragmentation®] AEE LotH gkt
AL ZAEQ REE RETA o)A 6AZkel A 124 7b9) apoptosisE ¥t dts Bz ey ¢
MEo] A YEgon, 8d AFA EIAEY EAuE s dH480 A JENET Ed
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HilgE dIE JAYAETY do] o]dEEHY
(1, 2, TAEZo] ol dudstAY 2HZl=
ATl A FUtEHE 5 2AEH, Uy
A EAS Zten [3~6). o3 YAy dE
o] Ha= A2 FHEAHEY apoptosisol 93l
gy Rasa 9o [7~9].

dxo & AdfFez FHAIE Yo
A AP Z2AME E F Y &, XHE 24
Av (101, #AebdE 24 (111819 83 €2 AH
AXF day d¥7 Hedg [12] BHAA
A E9 apoptosisE FEstE I 299 AHe
B [13]. WAMH o] apoptosisE #23
A Ax g, 7], AFdA e o)
RE F Ry, 2 HAEI} ZE YWAFA v
%1 7 (radiosensitivity)oll @zt @€z, 1
2, ¢xo AAGAd ug WAzl ot
of @detd 4 JEH, ol WAHY HEF
7o) Ax el met X YA E
apoptosis’t @@ & USE v F
AL HEY protein kinase C2 ZA4E 94
go2x MEUW ceramided FEE F7HNA
apoptosis® ¥go7le Aoz BuFHAY [14, 15].

G¥Adss2E(follicle stimulating hormone,
FSH) #HEAX [FARELEFTES F7H171H,
FSH A9 84 & 7713, dxdy
glycosaminoglycan® #H|& Z7lA#A WX =z
7Ng M A4& et E FSHe
aromatase®] Z4& FT7MA7IE, FAFHEEE
(luteinizing hormone, LH) &9 & F7HA
719, inhibin 59 o8 I AFAAE A
e fAAY $ES =g [16] =3 nA
Z7hAo FSHE o34 Hm dxo Ao &
A, F2F4GEY 44 HIHE v &o] 7
284 [17].
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ayez B Ay UAdY o8 dxe H3
7t HPAMES apoptosisel & wWAHEAE ¢
olim WA MEHo TN Huty FE H
37} FSHel 98 A4l £& AdE + JEANE
dolRrmal A P

As 2 vy
MSIES U YALMO ZAL
2 AGA AL AA= Aedstz A¥F

EASA2RE FEEE A% 3574 ICR 539
dARozA AlRY BL 83 FFFUAM (144
29, 1007 2%) 959 ¢ HZAZ T

“

HALA ZAE 714 2ud dy12ls o
o &, dTYAE dATi9 #Avkd 2REA
(Cobalt-60, o 1kCi, Atomic Energy Canada
Ltd)E <]&8dth #AN4g AdEFE Aoy
AYE 106cmz YA3A 332 694rad/mine A
Z8 2 LDweo°l HE 833GyE HAHAE ZAbs
%t} olmo] ZALM L Friche dosimeter2 &7
At

HZ2T(C), FAHHZANE(R), FSHAZF(F), %
A ZALE FSH A Z[RF)o2 FE3t9q 747
0A17E, 6A12F, 12417, 19, 29, 4%, 8YTF o2
T8t FSHE 3X¢% FSH(Serono)ZA AR
ZAE B¢ & FA F&¥ RFE 5 IUE 8%
F A8tk Ether vl3sldl], Y48 HZE 4% pa-
raformaldehyde &< 10% neutral buffered for-
malinol 2A 3%t
Uaro TREH HA

IRY dAE acohol2 B43HE AA
xylene0 2 FHEAZ T paraffine2 ¥o)8l%
o vAHGE7] (microtome, Lipshow)E AL, 6
mz AT BE dihe AHLE F E A
HA(largest cross sectionate)S o]&3%c. d¥%
482 gz2€ 93 hematoxylin-eosin® 2 Yut
AWML 3 & Canada balsam (Wako)o.Z %9)3t
o JFHEES AFsA
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Proliferating Cell Nuclear Antigen (PCNA)
immunohistochemistry

Xylene# ethanolel A 2atatdA 7 AHE 3%
HoOz-methanol €49 1087t 259 endoge-
neous peroxidaseE AP}, hE2T& LSAB kit
(DAKO K-630)19 blocking serumo 2 10%7H
289t} Primary antibody (monoclonal, NCL-
PCNA, Novocastra Lab., Newcastle upon Tyne,
UK)E z4d 83 =x3 §F xzFo| nzx
BEE ALY A A BT T vHE
A7l &8, Tris buffer, pH 7.2 (DAKO S-3001)
o 5% 38 FASH 238 A biotinlated
rabbit anti mouse IgG (1/250)& Z Ao FH#3]
EXE T A2 F84A el 1087 ¥HEA)
7} B¢, Tris buffer, pH 7.2 (DAKO S-3001)
587 33 418t Streptoavidin labeled horse-
radish peroxidase® %A F¥#3 =¥ F 3
7CY F&4A oA 208 H3AD Y,
Tris buffer, pH 7.29 (DAKO S-3001)9) 5&7%+ 3
3] 4Ad. Diaminobenzidine (DAB, Research
Genetics Co.)ZM4 1087 2AAZl g Harris
hematoxylin®. 2 & 928 AA3Yct Ethanol
2 acetone, xylenelo® B59 EwaAz £
polymount (Polyscience)2 23t} dHuvjZ@o=z
B=eQ

In situ 3'-end labeling immunohistochemistry

In situ 3'-end labeling® terminal deoxynu-
cleotidyl transferase (TdT)-mediated dUTP-
digoxigenin nick end-labeling (TUNEL) %4
93 in situ apoptosis detection kit (ApopTag:
Oncor, Gaithersburg, MD)E AM&3¢{vh. 224
AL xylened| A paraffing A 738t alcohol®?A
S AA B AHE 3 £tol= Yo 5009
PBSE Aggta 37CoA 30237 #Ysao
PBSE AAT Fo 25082 proteinase K (PK)
LHE ol "oy 37T A 30&3t #)
I & Eo FASA 50ue TdT bufferE
Ayste] AgdA 1087 Wde & TdT buffer
Z AAstA, 50ue TdT solution (TdT buffer
4540, biotin-dUTP 2546, TdT 2540)& 2 atod
37CAA 6087 vikstdeh TAT €48 AAS
¥ TB &doA 1687 widstel 2 & A Hs)
2, 50¢4 9] blocking solutionoj Al 10%7F A 29
34t} Peroxidase’} HEE streptoavidinel 30+
ZH W8N 7) a1, Tris salinesl A& 8o, 100x09)
0.3% methyl green®® 3%7F counter staining

sdgey, 44 F FFEoNE £dos A9 ¢
Aols AAsG A xylene #4E AZ °
& Canada balsam©.Z ¥ 43stAdh.

DNA fragmentation analysis
125409) 10% SDSE ¥ 3 65CoA 30&7 #
23tdh 7)o 3549 8M potassium acetateE
Y AREE & AL 5 6087 dwido] sieet
Ao wxE F ARE 4T, 5000 x g
A 1087 SAREAYG AEALe 15me] W
AAEE Ag#Hez 7|3 F%Y  phenol
chloroform:isoamy! alcohol (25:24:1, viviv)& A7}
o DNAE FZ3ded, dA 5#F9 chloro-
formiisoamyl alcohol (2411, viv)2 AFZE3
Azdg 15mel nEANEY Agdd &7)x,
0CoA B&3g 250 H3)9 100% ethanols H
7, 70T 24 WERAA 1AZE o4 AAA
Ad. o]s ARE 4CAA 14000 x g2 3087
A4EEst DNAE F&31 AFAELS 50u09
1x TE buffer (10nM Tris-HCl, ImM EDTA, pH
80)o &&lAzl £ 149 DNase-free RNase
(500ug/ml; Boehringer-Mannheim, IN)E #H7}8} 3
60% Bk 37CAA HAFAT. A5 DNAE
E %9 phenol:ichloroformisoamyl alcohol® F&
% 229 chloroformiisoamyl alcohol® 5% 3}
Ak, Azde wold 018 £39 3M sodium
acetate?t 0TCo) RT3 25u]9] 100% ethanolZ
DNAE AAANFIZ, -60C AL WELAA F
o] = G0 olAF WA A AT, o] AL 4T A 14,000
X g2 3087 9AEesa, 0T 2ad 02m9
80% ethanol® A2 &1 Speed-Vac concentrator
(Savant Instrument, NY)2 15%87F A3t A A
ZNAY. $FEAES B FHFA Holx,
260nme] EFF %A DNAY 4& AT v&
-20Co] R#sAY. o]2A F%¥ DNAE lane
3 5ugf] ¥EE 2% agarose geloll loading3lx,
running buffer2f TBE® Y-S AM&3igiorn,
50Vol A 37 Bk A7dEE Aldd %
ethidium bromideZ A3t A4 transillumi-
natorZ #9135t
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. Percent (%) of PCNA-stained follicles to
HE-stained total follicles of irradiated
mouse ovaries. h, hour; d, day. Bar
represents standard error of the mean.
Each experimental group had 5 individuals.

4 3}

ay
.
—h

HMASS9 ME

WAL ZA}) “’rE A7 9] 9k AR F(LDsoo)
& AARH7] 39 15 wFYe BAE 05
Gy/rnm-—l %lg‘i 0, 25, 50, 75 283 100
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HEASEY AE 2 W

BAME ZALS Aol mE AF 2 dhe F
Ztz} Table 13} Table 29] Yebu it
EAIA 4 CTH FTAXE A
Fol mzt AFol AX Frkste FFE B
Iy Bl zAME AYTd YelME A
Aol ME AFFIH FHol FIEA s B

& ¢ 234 FH2R 1998F
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®
o |
oh 6h 12h 1d 2d 4d 8d
Time after Irradiation
" Fig. 2. Percent (%) of in situ 3'-end labelled

follicles to HE-stained total follicles of
irradiated mouse ovaries. h, hour; d, day.

Bar represents standard error of the
mean. Each experimental group had 5
individuals,

ol e} 8dA o ol2AE CZ AT v 63%
(R¥) 4 2% (RFT) T viF& F9& Aol
(p<0.05)& YEPARY. F - £5 dA FAd 3
AME CiH FF2 AHisld o0& F71342
BHYoy RT ¥ RF79 lojM e WAL 24} 1
d FARE dik FAUE Bas7] AREd 8Yd
o2 e Yz v Fyd FF F2E Y
Bt} (p<0.05).

Table 1. Change of body weights (g) of control
(C), FSH-injected, irradiated, and irradi-
ated and FSH-injected immature female
mice.

Time C F R RF

Oh 1096117 1096+1.17 1096+1.17 1096%1.17
6h 898+092 9.64+216 1126158 9.22+1.18
12h 1000£1.34 9724099 1130190 9.16+2.18
1d  1416+£2.04 11.50£200 12284198 1270+£0.95
2d 1176108 11.88+157 11.86+£048 11.76%1.70
4d  1280+1.48 12224107 11422050 12504+1.89
8d 19964222 16384208 1250218 *14.46+212

#, Data are expressed mean+SEM (g). *, Significantly
- different from control (p<0.05). C, control; F, FSH
injected group; R, irradiated group; RF, irradiated and
FSH injected group. Number of experiments are 5
individuals in each group. h and d mean hour and day,
respectively.
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Table 2. Changes of ovarian weights (mg) of control (C), FSH-injected, irradiated, and irradiated and
FSH-injected immature female mice.

C F R RF
Time
LO RO Lo RO LO RO L0 RO
0 1202056 1212067 1201056 1212067 1202056 1211067 1.20+£0.56 1.212067
th 1004034 1404055 140£017 1324038 - 09%£033 1.30£041 1.88+0.42 1621041
[y 1484022 1584025 1324015 1324033 124024 1361051 1.4610.27 130049
1d 1.941048 1761045 1.78£0.53 1.78£040 1064023 1.08+0.13 1202031 1582057
2 1.64+031 1.70£053 1584020 1841040 114023 1.0810.26 1.26+0.34 130028
4 1941046 1.92+0.61 208+0.52 1.66+0.79 1184022 1.08+0.28 1422017 136034
8d 2242071 2.20£0.89 2021058 1662044 0534032 068+025 130030 116034

#, Data are expressed mean:SD (mg). *, Significantly different from control (p<0.05). LO and RO mean left ovarian weight
and right ovarian weight, respectively. C, control; F, FSH injected group; R, irradiated group; RF, irradiated and FSH injected group.
Number of experiments are 5 individuals in each group. h and d mean hour and day, respectively.

Table 3. Immunohistochemistry of ovarian sec-
tionates obtained from immature mice.

M Sh

Group histochemistry  6h 12h 1d 2d

C PCNA ++ + + +
TUNEL + + + +

. PCNA 4+ ++ + + 500!‘,")_> ‘_555
TUNEL + + - - <370

R PCNA - + + +
TUNEL ot 4 + - - 185
PCNA ++ + + ++

RF
TUNEL ++ ++ + -

C; control; F: FSH treated; R: irradiated; RF:

FSH treatment after irradiation. PCNA; prolife-
rative cell nuclear antigen staining. TUNEL; in
situ 3'-end labeling. +++ very intensive,
intensive; + normal; - weak

++

Fig. 3. DNA fragmentation analysis showing
radiation—induced atresia were me-—
diated by apoptosis. M, marker.

HOA)YX Xl glst™ 2 =REAHD >
A=A ssbA Hazi DNA of mouse ovaries at 6h after

PCNA, in situ 3'-end labeling, 12} HE®)
og (99)2x384 A9 AIE Table 39
etk HdxZ A AW PCNAY 98 dA4w

1= B B 0.4
¢X & HEJd ¢Eqd A4 dxXz vy¥
(PCNA/Total follice No. x 100)2 Fig. 12 U8

Uitk PCNAY 93 e Ari:= Fie 4%
19013 49747 A4 vepgod, 8dd+ RE
RFZel A F7hste A8¢S Bk

Az -dHW in situ 3'-end labelling ¥4
s AdE d¥ £E AA dEY 2 YF
#t (ApopTag/Total follicle No. x 100)& Fig. 29|

irradiation was extracted and elec-
trophoresed to show the fragmen-—

tation pattern.
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DNAE #7199 %3o DNA fragmentation® %%
S 2AM3 ARE Fig. 39 et DNA7G
185, 370 % 555bpE RAFoZH HAA ZAb
98 42 dgdsige. ZE APFolA 18bp
9] DNA ladder7t Azt wet F7tste B#Fe
B AL FA mhel 35 apoptosisE
EANANoZ wedstE 370bpe DNA 249 #A¢
AL ZAMEY Qo) 6A1Zkl vEREA 1Y o] F
A e wabd ZALE FSHE A8 @ RFT
of 9lojAlE 370bpe) BAol 12417k Yeh 14
o]& Zadte AL BA(Figd). ¥ 8T
370bp B4} vehE b 6N AA7E vEd
AL FSHY A7t A6 23 DNAFEH

G DA T JTE AL AIHE ol
= 9

B AgoA FSHE FAMFo2A PAM 9
3 UX gt gA 2L AdHe 138 #F
& 4 ATk ole WAH XA ¥ FA FY4
FSH7t ¥auW FSH &4 AggozAy o
g&e el WEQ Aoz AzZEr. PCNA
immunohistochemistry® AEFENEFE Gy, S, G
MAZ|l AEHoz 2Ests AZu ol
2 g5 E AWz Yo|n, ApopTag
& ze zztog A7 DNAY 3-2dd 2%
80 24 apoptosis & necrosis’7t €od AE
gt HAHE WgdzASH  FYdold
PCNA$ ApopTagel E5F GAHE A$T dE
7} BAHo A" 5 F/9 A3 £ apop-
tosis Suolztgt Azt =&FH A4, ¢EY
e F7hz BE5d 4FgE we Aoy & ¢
Ak,

42, 2%9 A%, ceramided HIY FT&
UV radiation® & P E 9 apoptosis’t 712
g 2317b 9ot [18). Guinea pig®l 4%, estrus
cycled) Z7)o WAL ZALE we BSde ¢
A &4 WEst Yoy estrus cycled Fit
of ZALE W F$9 Uz @AY &4E0)
Eold 9 v 2289 [19]

AF A AP ZA ] Q& HEFA S ¥
Bl A Zo] &AL 4L Az FSHe LHY 3
=57t #Aasta [10), HAARALE #2 49 7
S tertiary follicleo] H3=H9, £ XA
gonadotrophic hormone T¥AEZE Zadrs
B3 [20]9) wlFo] £ w RFTA apoptosis®
A Ze dol Ade FUdY FSHY ol

Of

28

[o}

6h 12h1d_2d 4d 8d

A

M Oh

HESEE R

Fig. 4. DNA fragmentation analysis showing the
delay effect of FSH on radiation-induced
apoptosis. M, marker. In case of irradi—
ation, DNA of mouse ovaries at 6h
began fragmentation, but in case of
irradiation and FSH treatment, DNA fra-
gmentation began to show after 12h.
Arrows, 370base pair(bp); arrow head,
1,000bp.

& & ok A7y AS, FAARA 9
small follicledl &£4o] dojyn [21], FSHE =
A7 GE Y apoptosis®E JAsE AFadol
2o (22]. ¥ A¥e #, FSHE A
48N 7 ZlA Hulel dxAFe BERHUYLU,
o] 3o Hayge ¢¥9 HEst ez, ¥
RS ZAVEE Aol 6AIHEE HEdET}
250 o] T Z7tHen gddE ARdE
7 #FFHY. Ty HAAAE 2ARE

FSHE #gd ToAde Hadxg WErt 12
712 E Ueg 19 olFd Zadan ole WAt

R e
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A zAZ A8 dEx Y HlF FSHe & Ao
¥ Axet & 4 Atk

Abd o] A4 H 02 DNAY &4-& Fo
AEAE fFEste Ao] ohet AEdd
Zowx AX9 apoptosisE F7HAZ Ao
By [4]8 B o, ¥Apdd dAxgde 7
HaeATEEY Bulgast A FPAEIL 3
HARoz Qe weogx Wy it
He Aoz A€ =3 JFAE7} apopto-
sisgezA Hirt Jddds RE BAgFE
185bp % 370bpel DNA E4o] HALH ZAMTE Y
A% 6A 7 WAL ZALE FSHE %943 9
A 1287 712 S #EFozA, WAL
o3 Fxol H3 A apoptosisE WAZ st
dojdte & 5 U

B Age Ax AAryAGEs HEHE A
49 o]F 8o o]z Y UldA &AF &
Rol BFEHAU 8ol M2 JFEI} A

of.
oot 3L

i e r

o

oy mE —o

e &
e AL B F UAeH, o 27%A¥AEdE
ki

X B ol WA TS 2t gAYE
(radiosensitive primordial follicles) 25 WA of
o] Hgsn, SAbdd diel A8 (radioresis-
tant)S 2 AR AAHE JAGESNL A
gulgtt ZE2H 07 FSHE WAHHd 3Zg
AU ¢¥o HIE Ad 2 AR a9E
I UASE ¢ F UNeH, WARM g% dE
H3l= FHA T apoptosisE wWNE 3
goj g & £ YA WAHE o] fFo Y
¥ apoptosis HA HE FAF EHAT7H
e Ao A7, FF B AT A2
A& o83, AAGEY AAANA 71F 2 =

2 e 1o MY f o

HEoSARAY W8 S gE d77 0|94
A% TEFE B BE A0 BI A4S
2 9Y 5 9¢ Rou
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sis FAo| 93 Aol DNA ¥43 ¥4,
TUNEL #ez23tstg Mo o8& in sity 3'-end
labeling 5ol 93 AU &8 FSHE @A}
Aol HZ5H BFAEA9 apoptotic degenerations
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