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~ ABSTRACT ~

In order to study the mechanism of follicular atresia, the follicles of the porcine ovary
were isolated according to the presence or absence of the corpus luteum and their size,
and then classified to the normal- or atretic-follicle on the morphological observation
such as the transparency, the vascularization of follicle, the nuclear phase of oocyte,
and the homogeneity of the granulosa cell layer. The viability of granulosa cells was
examined. The concentrations of progesterone (P4), testosterone (T), and estradiol-17
beta (52) in each follicular fluid were estimated by the radioimmunoassay.

The viability of granulosa cells in the atretic follicle was much lower than that of
the normal one. The concentration of each steroid hormone increased as the follicular
size was increased, was not different in quantity between the normal- and the atretic-
follicle of which diameter was below 3mm, and were much higher in the atretic follicle
than those in the normal one of which diameter was above 7mm. The ratio of the con-
centration of E2 to T in the large atretic follicle valued higher than that in the normal
one, but smaller in the small and medium atretic follicle than that in the normal one.

The present study suggests that the mechanism of atresia of the large follicle may
be different from that of the small and the medium follicle and that the amount of steroid
hormones regarded as the one of the criteria for the atretic follicles.

83



M =

5’-%%—291 A F = A - A
ELP—E— Rl P e
felell oz 4 A&t wdEAY, §

2 alA frh+,6,7,28,29 ,31) vhef 24

?l dule] HAF vizcachadl Z$E  300-

07HE st o pEe Saol s, 2

Lo
e

’2}01 HA e Aol Hdels AESF H
28 gy Al S ¥EE 22 sl
A2 Gy S 85 kg v @b g Ao
H AR eg 2A4s st & AZHFE &
28 Al 2k 2009 Ale) HRlE FollA LA For 400
o7fniel A &ete] wlgsle, Usixls a3t
A (atresia) & E3 2FATLLY  Hol =

2.2 Uzlgoe] AYM E (granulosa celi)ell
Az 7] el E3hrh dojuin, Aol 1
2l i A&7 (puberty) ol &£98ly] Moz o
a8 A Aol AX (preantral folli-
cze% s %}7} AlabE e s aEy o
2ol A EFFEINAE AL antral fo-
lhclesﬂ/ﬂ Qﬁ}ﬂ sl 2 Fo] gy
o] #i&d ¥ (ovulatory follicles) B A=
o] ek gy Y3 7S AR FoME
vl ek 2K 9] o F (large preovulatory folli-

g0l

cle)ol M =37t Aol e8!S’ w5
sha b A4 Fr)e] oln AdolME WA
i Buga vht529,8 ey o ¥

g 37t AlZEE 713 §3le] X e ey .
71568 A4z aAe s A7 v g dE
olc},

dutz oz E3 vl o X AT 7Y
A E7F H-8-Z8 4 (pyknosis) & d2o7]H 8.7,
8,18 | slA e Roe] e AP E (mural
granulosa cell) & H5Y (beaded) ®HE
ol Frtal s 1, olejgt F H-irel #yA
of sl Sloja] Aolr)l A A

steroids A

247149 o3 LH LH-‘%Hl

a9 AYAME (antral granulosa cell,

7F o we] luteal cell 29 E37) Aol
i Bustgeh!? =a gdE (large folli-
cles) o] X (theca cell) 7} - Bt A

84

% Chypertroph) 8ted AE Wl A2ATFH] F
74atA Hu, A9 E (small follicles)sl A&
YA FE7F A B ol g ol M E
Ze 7153 Aol vEhfel #oh® Ty
Astedel FA= vl g gEloln)

3o E f date YA ZNA EH AU
(denuded ovum) °l*E< (fragmentation)
He Aoz RudHn oy 9
] o} ‘;}'16,30)

Louvet ¥ (1975) & androgen©} # 3t} &+
Aglelgln Rasltgis o, HaleAE AAS
Holl androgen & #ulshy A xo] 0§
Aol Erlsla e Aol 488 EYIgn
Bustgth ol Az AL ZEE  andro-
genol Wol A= AP ZZ FFE F

=
= ggolgta 7P R R8240 o w3

]olo. B sl A

L8

Aol of oA doju= Aoy, Aol Z7]
of ool o ZollA H sy}t sk o 1 7]
zho- Bya el glekt?

zrzbe] of o ol &8l steroid hor—
mones ol #FU &k erom ¥ O%E*?li il
hormones #7°] oj¥eo| 44 - A
Fasd 949 Aoz 1}]__1_0}93;]_3 13,17 21’_',]

o] A= Bol ¥ U hormonese A3}
t ox Hijol 3 29 & At € AL
2 7hgEr

ueia] B AE e oA d 2 ¥
oA 2%, APAEEe "y oy, aln
date] siAHS viEo® o xe] HItHES o

Hetn APH T AEEF JFN Y stero-
id hormones %g =33l H3lo w2 e
A 754 HE S welaxt @,

MzE U ouy

Y2 g A (Mg, vPEE, 9%
AFA AL ) N 24 & AHEse] S
ol Qo] 30~ 147 oluie]l AFd=m Ht
3 a=4 ‘c‘r/’_t% 4°C =& 0°C2  HA 384
A FAHe] {5l weE dAE FEskn, A2t
o YirgrE EEIOHﬂ AxE sFdvlE s

i

=) =] 2]

2

o
[o]
iH

b=



oA FHURE, Fux, BMER] TYA,
agly #A71E JlFe R RSN, F, 3
7} 9l& A (corpus luteum, CL) & gl=
A (non corpus luteum, NCL) o2 u¥x
AZIEE & (small, A4 (3m), S(medium, %
A 4~6m), o (large, AA > Tm) dXZ
TESATY =3 dAETV dAE T oz
o] B9y AYPM EFo] HY3 ALES
o X7 (normal) 2.8, d3to] g&xle] 2z
Aol E5Fsln RPN FE o] 7Y
& HIA T F (atreticy o2 EFigo
Tl TF F7 dEle) AL APl A
=

B4 HodxF S ey or Aysd 7
oA x| Aejety zolg A3y fiske] bzt
ol JZE 1méY ISR (assay buff-
er, pH7.2 - 7.4) WX Bl=8 JFak (oocy-
te) & AG4e DA Jxgn o)A
B ME AHPMZE 1000 X gollA 10
I 9488 A8 (Minifuge GL, Herae-
us Christ) A9 APA L= &L =
A FEHL 2P %) (Deep freezer,
So~Low Environmental Equip. Co.)el
-60°CE BBt steroid hormones
o] AFREMo) Algalgr)

EFL {don A AR E
A FEEAN Oxberry and Greenwald
(1982) 9] Wi & ¥iAsle] 24=aAHE HESY
th2® %, W5HEMN~) (Histostat, Ameri-
can Optical, Model 1950) & ol &5k 8
#mel FAZ HHE e slideol &9 ¥
Carnoy 2139 (glacial acetic acid: ethyl
atcohol = 1:3, v/ v)2E 1B~ 2uANT =
¢+ nFGAZ

absolute ethyl alcohol(Merck) & 18
23 XY F 70% ethyl alcohol 7HA]
serial sHAl Zkzb 18 Bot Mgjsied S sKhy-
dration) A]713, hematoxylin ( American
Products Co.)os 3% 7t odalgly =8
2 MH% ¥ oA eosin (Hartman - Ledd-
on Co) o2 30x% 2 gAsgn),

34

o 4 o

A2 F71e

KN
£

85

glalge] A4oz &% (dehydration) Al
71 & xylene 2.8 5% 7t 23l #A alco-
hol ¥ X &ak7 Canada balsam(Wako Pure
Chemical Co.) & ©1§8le] JFHEES WS
vt dxERY IR g3 FH A TS
Hed 2 & FAY 8 &2 AdHYA (Olym-
pus, Model BHA-413) W9l micrometer
& AR sld At

el SadgEe IRE 3% T Tsaf-
riri ¥ Channing (1975)¢] #h¥E-& A g3}
AA) 8t o307 yaseline (A FE D) pa-
raffin wax ( @A} iglegd D& 9:11 &
3838 wax & slide(So Young, 26X 76mm,
thickness Nol;lmn) $ioict Aoz 4
g Hojmyl &, £33 dAE slide 9100
&% 3 cover slip(So Young, 22X 22mm
thickness No 1;0.13-0.17am)-& Yol &
bt ol g Ekx] REeE gutsig)

slide & 3149 (glacial acetic acid :
ethyl alcohol = 1:3, v v)eol Eo e
Coplin jar o wol 19~24 AIZF Fer 0¥
Ak SadnEe fiste) 0.5% lacmoid
(Allied Chemical, in 45% glacial ace~
tic acid) & 58 &< g4 46% =
&Aoo A& 3l Canada balsam@& mo~
unting 8+ ¥ #A-g gFsigcl, A4 o
7 (Leitz Dialux 20EB, Leitz and Hera-
eus Christ) 3lollA microfilm(Fuji, ASA
32) & ol g3 #Fgsla Ilfospeed £ (11~
ford 2 5% B9 #48 % enlarger(le—
itz Format 1IC)E 49 g Ifos—
peed Q&A1 2 <5t

AP Ze] AEE ZF-2 Metcalf (1982)
o] WS WMgdta] AA AT F 9AE
A F e xS AR 0.8%
NaCéd §9 o2 resuspension A7l £ oA
20 #1 2 FHatd 100 #1¢ nigrosin €% (Si~
gma Chemical Co., 1% nigrosin:0.85
% NaCg = 1:10, v/v)2& 58 7+ A3
o, haemocytometer (Neubauer, Superior)
Aol kol 9l Alx et FAEFE A

ko
T



of MEgn sk
steroid hormones 2] tracer & T
Ba8t7] $938t] column ¢hromatography &

2 A8ttt Sephadex LH-20(Pharmacia
Fine Chemicals, Uppsala)64< 30meel A

£ (cyclohexane : chloroform: ethyl
alcohol = 15:2:4, v/v)ol gaa)A byt
vz} gk & packing 3l &&=y HF
213},

1, 2, 6, 7 - *H-progesterone(spec.
act. 110Ci,”“mmol, TRK 413, Batch 29,
Amersham)# 1, 2, 6, 7- >H- testo~-
sterone (spec. act. 88. 5Ci/mmol, TRK
402, Batch 30, Amersham) % 2,4,6,7
-3 H- estradiol (spec.act.98Ci, mmol,
TRK322, Batch 52, Amersham) & 7}Z} 50
#Ci# cone tubeol &713 37°C HRFZ

o Asld F2E FFsHEA ZHU\I%E} )
Algs oA 0.5mé e AEojel =9l F
Sephadex LH=20 column(0.9X23cem) ol
Mgt AASATE Azhe 2mé A

o] Bgo g w1y £FHAY tracerEH S F

columoll

1 B

A7) ¥ 90% ethyl alcohol & 34 &«
Boatgcl
3l = WHO Matched Reagents Program

of 2]8} oo} AI} Dr. Aakvaag (Aker Sy-
kehus, Norway) .2 58 75%H A& ol&£3)
%t} progesterone,testosterone 1¥ 1
estradiol antibody 52 HFTHo g 1:2000,
1:210000, Zzg]la 1:10000 o8 &A sk}
assay buffer ¥ NaH; PO4s(19.6 mM, Mer-
ck), Naz HPQO4{(81.7mM, Merck), NaC¥¢
(15.6mM, Merck), Mertiolate(0.25mM,
Sigma) 28]3 gelatin(1lg, Sigma)& &
et A zsido FA-FANEAIEH FAS
2alslry] ¢ste] Dextran coated charcoal (
DCC) & Arg8kglth. DCC¥ Dextran T-70
(Pharmacia) 0.0625g &} charcoal (Amend
Co.,'Norit’ A) 0.625 4%
buffer @ &) AA &89ty scintillati-

on solution& 22.59¢ 2,5-diphenylo-

86

100mé 9] assay

xazole (PPO, New England Nuclear) &
349 toluene (Merck &2 Rots)ol &3l
A7l & 1.542] Triton X~-100 (NEN &
Shinyo) & 718 A &3k ch

steroid hormones ¥4 & (1981) ol 7f
gl PAE S EAE (radioimmunoassay) 2
2 A stgeEs? ol Eel 50 - 500 pl 9
recovery & steroid tracer (¢F 1000cpm)
100 1 & AR (15X 160m ) ol EFstx
diethyl ether (Squibb and Sons) 5mé &
FHorstr ol & AlEHRES wwtv] (Lab -
shaker Model C-SGM) 30% 7+ 250 rpm
o7 EEo] e & HeolA 108 3+ A
o 5£gA27 ether & BAZT ol E
dry ice — acetone bath Y A 23 %7 (~60
°CYelA da A4&HL cone tube (15 X
120 mm Y ol 713 37 °C &24Fo| A ether
g Azt SEEe ARE FEE oh
4mfle assay buffer & A7Istz 18 3
vortex mix &ed 108 7h A &) o F

olAl progesterone, testosterone, estra-
dicl 283 recovery collection & ¥4 &
o2 Ztz} 500 pl & AHE-8I9 2™ nonspeci-
fic binding(NSB) 3 total count(Tc)
ANE@AE Ztzt 600 pl F 800pl1 9 assay
buffer & A7}sln, 98 ZE AF#oE
100 g1 o1 gt} 100 pt o1 steroid tracer
E HA7slgo. BRE AEAE vortex
mix 3ked 16 =20 A1ZF B¢ ARFA (4°C)H
A LA NS P, A 2
FAL 2Esly] sl TcE AT 2E A
g #ol 200p1 o] DCCE H7bska FE3] vo-
tex mix k] WA (4°CHol 158 7 =X
3 5 2000Xg, 4°Ceolir 58 &% A4
AA A& g9F L 10ml 9 scintilla-
tion soution ol B9l 4+ counting vial ol
&7 beta counter (Packard, Tri - Carb
Scintillation Spectrophotometer, Model
4530, counting efficiency :57%) 2 WAl
< 5% a9tk

progesterone 2l cross reactivity & o}&

FE3

2



k1=
cortisol , 0.001% : testosterone, 0.2
% : 17 - alpha - hydroxy - progesterone,
3.0% : 5~alpha - dihvdroprogesterone,
7% : 20 - alpha - dihydroprogesterone,
3.0%. testosterone®
g2 2ot
rone, 14 % : delta — 4 - andrestenedione,
0.8%: cortisol,0.0001% :5 - alpha - and-
rostanediol, 6 % : delta -~ 5 - androsten-
ediol, 2.1%.

crossreactivity =

5 - alpha - dihydrotestoste-

vity & 23 29l estrone, 1.7%: te-
stosterone, 0.0003 % : cortisol, 0.0001 %.

2 A¥e 2o U F948 2HL stu-
dent’s -t ~test WPl wetch

r=| 1}
B 4o AT progesterone, testostero-
ne 28]li estradiol 59 #ZFHAE Sepha-

dex LH~20 column chromatography & ol

© N o
] H T

Radioactivity ( x 10% CPM)

(2}
7

estradiol @ cross reacti- 83 & 2eld AHE Fig.lol vERuh
L B3 1 Tt 1 ]

© 3RS o
Radioactivity( x10° CPM)

(o))

10
Number

87

E
of fraction

50



Fig.1. Elution patterns of steroid tracers with
LH-20 liquid column chromatography.
Steroid tracers were applied to the Sephadex
LH-20 column (0.9 x 23cm) and collected by
1 ml (1,2,6,7-3H-progesterone, @———e , and
1,2,6,7-3H-§estosteronc, X—X)
(2,4,6,7-3H-estradiol, O0————=0 ) of each frac-

or 2 ml

tion. The radioactivity of right column

represents that of estradiol-17 beta.
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Table 1. The ratio of the thickness of each follicular cell layer to that of whole follicle
fragment.
Atretic Follicles
Cell Layer
Small Medium Large

Theca Thick 3,00 £ 0.30 2.50 £ 0.28 4,14 +0.53
Externa Thin 1.40 £ 0.12 1.563 £ 0.17 1.09 + 0.13
Theca Thick 4.34 £ 0.44 2.83 £ 0.38 2.75 + 0.30
Interna Thin 3.40+0.32 1.42 £ 0.14 0.98 +0.11
GC Layer Thick 7.61 +0.44 4.32 +0.38 5.97 + 0.60
Thin 4.26 + 0.37 2,17+ 0.19 1.89 + 0.20

The thickness of theca interna, theca externa and granulosa cell layer is divided by

that of total diameter of follicle fragment,

cell layers and data Mean + SEM (pm).

HaX g Y5ild A2 383 g3 2
HE Table 1 2 Yepd o, diddz® (F74
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Thick (thin) represents the width of follicle
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Table 2. Comparison of the viability of the granulosa cell in the normal and the atretic

follicles.

Counting

Group Viability (%)
Number
Corpus luteum absent
Normal
Small (NSN) 54 74.48 + 1.26
Medium (NMN) 25 71.48 + 1.40
Large (NLN} 36 73.36 + 1.22
Atretic
Small (NSA) 59 69.26 + 1.33
Medium (NMA) 54 63.81 + 1.31
Large (NLA) 46 65.22 + 1.46
Corpus luteum present
Normal
Medium (CMN} 20 57.45 + 2.35
Large (CLN) 20 66.71 + 1.75
Atretic
Medium (CMA) 18 49.66 + 3.16
Large {(CLA) 20 43,20 + 1.62

The viability of the granulosa cells was

examined by staining with 0.1% of nigrosin

for 5 min.. The ratio of the number of viable cell to that of total cell was measured by
the haemocytometer (NEUBAUER, Superior). Data represent Mean + SEM,

PPz &L table 22 2°FEYU T
g7t 95 dxdAe X HAed FE #
o7} glod gAE o R Halo xate]l HHARE
NEFol A Aeggn o xe) HaE

A B8AY AEEY F2E 299 (PL
0.01). &, 3ol Aejot FasA FA

7} e dETOA B AT e AET

AN WED e WEES Ve G (PL
0.05).
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Fig. 2. The concentration of progesterone in the
follicular fluid of the healthy and the
atretic follicles of the porcine ovaries,

The ovaries were grouped by the presence
or absence of corpus luteum (CL) and then
the isolated follicles were classified by the

largest diameter as medium (4-6 mm) or large
{above 7 mm) follicle. The progesterone levels
were determined in the normal (black column)
and in the atretic {white column) follicle. The
vertical bars show the standard errors of the

means.
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Fig.3. The concentration of testosterone in the
follicular fluid of the healthy and the
atretic follicles of the porcine ovaries.

Legends are the same ones described in Fig, 2.

Black columns in the histogram, the values in

normal follicle: white columns, those in atretic
follicle.
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Fig.4. The concentration of estradiol in the
follicular fluid of the healthy and the
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atretic follicles of the porcine ovaries.

Legends are described in Fig.7.
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Fig.5. The concentration of steroid hormones
in small follicles of healthy or atretic
follicles. ‘
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as progesterone (P 4), testosterone(T), and

estradiol-17 beta(Ez) in the normal (black

column) and the atretic (white column)

follicles were determined by radioimmunoassay.
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Fig.6. The ratio of the concentration of pro-
gesterone to testosterone in the follicular

fluid of the healthv and the atretic
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93

follicles.

Legends are described in Fig.2.
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Fig.8. The

estradiol to testosterone in the follicular

ratio of the concentration of

fluid of the healthy and the atretic
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