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= Abstract =

There have been many reports to date regarding the role of GnRH as a local regulatory factor
of ovarian function as studies of human and rat ovaries revealed GnRH and its receptor. In
recent studies it has been shown that GnRH directly causes apoptosis in the granulosa cells of
the rat ovary, and such results leads to the suggestion that the use of GnRH agonist for more
stable long term ovarian hyperstimulation in human IVF-ET programs causes granulosa cell
apoptosis which may lead to follicular atresia. Therefore this study attempts to determine if
granulosa-luteal cell apoptosis occurs in patients during IVE-ET programs in which GnRH
agonist is employed for ovarian hyperstimulation. The quality of oocyte-cumulus complexes
obtained during ovum pickup procedures were assessed morphologically and then the fertilization
rate and developmental rate was determined. Apoptotic cells among the granulosa-luteal cells
obtained during the same procedure were observed after staining with Hematoxylin-eosin. The
fragmentation degree of DNA extracted from granulosa-luteal cells was determined and
comparatively analyzed. There was no difference in the average age of the patients, the number
of oocytes retrieved, and fertilization and developmental rates between the FSH/hMG group and
GnRH-long group. There was also no difference in the apoptosis rate and pyknosis rate in the
granulosa-luteal cells between the two groups. However, when the oocyte-cumulus complexes
were morphoogically divided into the healthy group and atretic group without regard for the
method of hyperstimulation, the results showed that the number of oocytes obtained averaged
11.09 + 8.75 and 10.33 =+ 4.53 per cycle, respectively, showing no significant difference, but
the fertilization rate (77.05%, 56.99%, respectively, p<0.01) and developmental rate (65.96%,
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41.51%, respectively, p<0.01) was significantly increased in the healthy group when compared to
the atretic group. The degree of apoptosis in the granulosa-luteal cells showed that in the healthy
group it was 2.25% which was not significantly different from the atretic group (2.77%), but the
pyknosis rate in the atretic group (27.81%) was significantly higher compared to the healthy
group (11.35%, p<0.01). The quantity of DNA fragmentation in the FSH/hMG group was 32.22%,
while in the GnRH-long group it was 34.27%, showing no significant difference. On the other
hand the degree of DNA fragmentation was 39.05% and 11.83% in the healthy group and atretic
group, respectively, showing significantly higher increase in the atretic group (p<0.01).

The above results suggest that death of granulosa-luteal cells according to the state of the
oocyte-cumulus complex is more related to pyknosis rather than apoptosis. Also, the GnRH
agonist used in ovarian hyperstimulation does not seem to directly affect the apoptosis of
retrieved oocytes and granulosa-luteal cells, and which is thought to be due to the suppression of

the apoptogenic effect of GnRH agonist as a result of the high doses of FSH administered.
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o717t 2AE ol EYE XE3I}V] A% Hx
A 2] & (Assisted Reproductive Technologies; ART)2
HE S22 dAso gt ol B A
of glojA FHTE R e Aoz AlFgs|of
ste Ao g Asd FAe] WxE Bo] de=
o] 7 EAdo] gl I f= 2 el A
£33} human menopausal gonadotropin (hMG)<}
follicle-stimulating hormone (FSH) Z-+ gonadotropin-
releasing hormone agonist (GnRHa)e] <3} 7]7td)
et o2 i o s FEEJA ™ (Trounson and
Gardner, 1993), 903t o] Foll= - GnRHaE
H&ste WS de A3k glok (Maclachlan
et al, 1989; Martin, 1989; Herman er al, 1990; Kim
SH et al, 1991; Smitz et al, 1992). ©]2]% GnRHa
AHGE T F= HF F dold F A& pre
mature luteinizing hormone (LH) surgeE: 9S4+ )
of AHA IR & F7H1713 (Neveu ef al,
1987; Serafini et al., 1988; Palermo et al., 1988), u}-c}
A o B& ol o)A & e 713 E AT
o248 LS FAAIA T Meldrum, 1989). 1
2} tho] GnRHaE A &2 0|3 WHE2 o2 A}
48 7§ dAo) th3) antigonadal EFHE Y 4
12 (Hsueh and Jones, 1981), T3} 4 o) 23
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Aoz Zgdtd dau Ay Az AEH 3
slo} vzl A wijde] d&S A F e
Aoz 4R %t} (Hillensjo and Lemaire, 1980;
Corbin and Bex, 1981; Clark 1982; Naor and Yavin,
1982; Dekel et al, 1983, 1985; Ma and Leung, 1985;
Pellicer et al., 1992).
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2592 ZR0E P 3 /| ZF estradiol (B)} 5
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FAH F 35~36A1300 FUPHAE ND® ¥ 4
4 22348 o) §3] ANE Fa) WaE F
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paraffing A A 8} 1L aleohole] B F ZTHFE Al
33151}, Panaffino)] A A 23 & 93} AT
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canadian balsam (Wako Pure Chemical Co.)2 2 %-§]
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Table 1. Evaluation of oocyte-cumulus complex (OCC) retrieved from ovaries of patients in IVF

Samples Stimulation Oocytes Oocytes Cumulus Cumulus Quality
No. protocol granulation darkness dispersion darkness of OCC
1 FSH/hWMG + + H
2 FSH/HMG + H
3 FSH/hWMG +++ +++ + ++ A
4 FSH/RMG +++ ++ +++ ++ A
5 FSH/HMG +++ + 4+ ++ A
6 FSH/hMG +++ +++ +++ ++ A
7 FSH/mhMG ++ + ++ + H
8 FSH/hMG ++ H
9 FSH/hMG H
10 FSH/HMG + H
11 GnRH-L + +++ ++ ++ A
12 GnRH-L 4+ + + H
13 GnRH-L +++ +-++ +4-+ ++ A
14 GnRH-L + + H
15 GnRH-L +++ +4++ ++ A
16 GnRH-L H
17 GnRH-L H
18 GnRH-L +++ +++ +4+ ++ A
19 GnRH-L +++ ++ +-++ ++ A
20 GnRH-L H

H: Healthy cocyte-cumulus complex, A: Atretic oocyte-cumulus complex

+: Week, ++: Moderately, +++: Strong

isoamyl aloohol® A} $:&3&}gc}. F2A L
019 33 9] 3 M sodium acetate$} 0 o] 23k
2.59}2] 100% ethanolZ DNAE RAAX 71 -70C
ZA 2 YERAA FHolx 60% o] F WX A H )
ol RE 4TlA 14,000 xg= 3083 YA E=lst
32, 0o XE 02 mie] 80% ethanol= A& 8tn
Speed-Vac Concentrator (Savant Instruments, NY)2
1SE-2F AFeolld A2AAT 45 PEE 25
ple] SfH<poll Fola, 260 nme] FFE=A DNA
F& ZAT O 20T BHEIA) ojgA 3
%% DNAZ lned 5 ugo] ¥ = 1.5% agarose gel
o] loading3}12, unming buffer®3 TBE &L A&
R .2, 50VellA] 3A|1E Bt A9 ES AP
3 ethidium bromideZ GM3l] 2124 transillumi-
nator=. 185t} 7] 58 gel9] polaroid A}z
& scamner®. scanning® F-of] Cream program (Kem-
En-Tec Software System, Denmark)2- o} &-3le] 24
3 A=E £3%a 0 2AE abirary unit= $H3F

RolA
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4. EAE

ZA8A Fol3 A4 -2 Chisquare test} Mann-
Whitney test 33 & Al&-3llon] p gko] 0.051
o 2 BA¢+E fodvn geA

t=]
i

2 o

1o 3 X S §4

FSH/hMG 9} GnRH-long #3bol] Bx}e] &
vieol= 33.90 + 3.259} 35.00 + 3. 23111& o) 7}
goon, AR X 4, $HE L FLE

= FuF =90 BE Hole gt 5H
vk B3R e FeE B8] At b
Ay 333} (granulation) B £} M) o] £
(darkness) 8 =7} A GFE '+ o)A v+t 7HA F
Eatglen, 23 dxg B3AE olE BT A



Ex A7) o] £ (darkness) B =9} A (dis-
persion) =0l Wi} FX) GFEFE 4 oA pas!
7HA RS §5E dA-GT B A
AHL B2 A2 FAH M 4+ o] o] 3 A
o] 7FYd A% "Atretic" 0. 2 3}F 31, v WY 7 S o)
"Healthy"2 7143t ch. 919 22 &% 7]Fe
= 4] geg Hokek As dAy 3s 3
== FSHAMG Al 3t S7hatg 1, At
o} %% A X+ GnRH-longFol| A 2k7t Egkor}
A Aoz & FEHhd o] ©E "Healthy" 9}
"Atretic" 374 ¥l == 2po] 7+ §lATH (Table 1). 3}
g frese dEgle] AHE dR-gTAE
EEAL] Jel2 AR FE "Healthy" =7 "Atretic”

O.2 ol 498 A}, "Healthy"Z 7} "Atre-
tic" T Zhell B Uol = 3544 + 3.179) 33.64 +
3144 R Aolrt gllem, AFHE dRe =

Z47y 2719 H 11.09 + 8.759) 10.33 + 4.53
ME Aozt AUtk 289 A Ed M=
"Healthy" ol 4] 77.05%= "Atretic" 9] 56.99%
Bo} f93HA ¥k (p<0.01), A wjotz ut
o3 8] &% "Healthy"s#ol| 4] 65.96% % "Atretic"
9] 41.51% 8} f-9) 847 =3kt (p<0.01).

2. H-E 4ol ofst At 2 DR S Mz
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o} M7 S35} v et Q%i I4- ﬂ*ﬂi} A3
2 #2F A7, AAW Bt o) ¢k FL Fe

-3t MEENA S=H 3 (pyknotic nuclei)
< Bo] ##T = Ut S54 F9 Fel= A
FEAAAL] 23+ & (apoptotic body)e} F = oh

Figure 1. Photomicrographs of human granulosa-luteal cells stained with hematoxylin-eosin and by TUNEL
method. Granulosa-luteal cells were fixed in 4% neutral buffered formalin and processed for routine histological
observation. Paraffin sections (5 um) of human granulosa-luteal cells were stained with hematoxylin-eosin. The
granulosa-luteal cells obtained from the healthy follicles with good quality of oocytes and expansion of cumulus
cells during retrieval of oocytes have normal round nuclei in cells and lower percentage of pyknotic cells (A, C).
Note that the granulosa-luteal cells obtained from the atretic follicles with poor quality of oocytes and cumulus
cells have small round pyknotic nuclei and stained darker (B, D). Arrows indicate pyknotic cells, whereas arrow-

head shows apoptotic cell. Magnification: A, B, X200; C, D,

X400.



24 st glo] &2 4o 55 e
v, & 478 AXEY vy & o gude
2 21 8 g4 5o Bt (Figure 1).

AHY FH-FA AEANA AEFAATL A
ot 4dlH<Q) v]&L FSHAMGTIA 2818 Gn-
RHlong—r’-.J 2167} z}olE Holx] &gporn, &

H o] vigdXE F ATt 74 15.534
21.982 zpol 7} Q12U Th (Table 2). 1211} "Healthy"F#
F} "Atretic" 0.2 uHo] A5 A A ZAFFAL
H] &2 "Healthy"Zo| A} 2252 "Atretic"Z 2.773%
Zpel g Holx) ggkont, 58 o] vl A
tretic" o A} 27.818 "Healthy"+2] 11.35¢] u]3}
o {o3A FUte AE & = AT (p<0.01)
(Table 3).

3. DNA 238} 24}

zzto)l AET HY-FAs MEAN 52T
DNAZ 1.5% agarose gel’doll A 714 =S A8}
3}a] Et-Brz 9413 23} 300~500 bpeil A ¥4
3HE DNAVE o HE&sw A& #84g % 9l

it} (Figure 2; A, B). e sl R ol
& BAgsld DNA %2 FSH/AMGTEAA B
29.55%% GnRH-long9] 23.56%2F 3to] 7} §1%L
o} (Figure 2; C). ¥4, AFAT A7 53A)
9] Ao e} DNA £33 k2 "Atretic” 7| A
37.05%% "Healthy"79] 17.98% 8.t} #2574 &
7He %3S 2]t} (p<0.01)(Figure 2; D).
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AT Ay 2 djotol iz ojA T
g R =A] AH8-% GnRHaz} \dAof 2 2<Q o
b m XA GopEmal sl FEel o
ARTE FES T G AE T Lol
A8 Az £ E 9 dLES AT, B9-
FA g Hxe AEAAAL} A dolr gt
AA AHE FApe] ol glojA AE T BF
A F1G BE 10~12702 2}olst glgdTh. ol
g Aoe B A4F oAl th#Ee] FSHE ¥
sla] gk FEgond Be o G
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Table 2. Characteristics of patients stimulated with FSH/hMG only or GnRH agonist together

Characteristics FSH/AMG GnRH-long
Patient age (yr) 33.90 £ 3.25 3500 + 3.23
Cycles 10 10

Incidence of apoptotic cells (%)

Incidence of pyknosis (%)

No. of retrieved oocytes
Retrieved oocytes per cycle

No. of fertilized oocytes
Fertilization rate (%)

No. of good embryos

"~ Good embryo rate (%)

2.81 (1.4 to 3.8)
15.53 (5.9 to 32.7)

2.16 (0.9 to 3.1)
21.98 (11.1 to 37.9)

120 95

12.00 + 9.26 9.50 + 3.78

© . 80 ‘ 67
66.67 ' 70.53
44 ) 40
55.00 ' 59.70

Table 3. Evaluation of cocyte-cumulus complex (OCC) retrieved from ovaries of patients in IVF

Characteristics Atretic Healthy
Patient age (yr) 3544 + 3.17 33.64 £ 314
Cycles 9 11

Incidence of apoptotic cells (%)
Incidence of pyknosis (%)
No. of retrieved oocytes
Retrieved oocytes per cycle
No. of fertilized oocytes
Fertilization rate (%)
No. of good embryos
Good embryo rate (%)

2.77 (1.6 to 3.5)
27.81 (17.8 to 37.9)

2.25 (0.9 1o 3.8)
1135 (5.9 to 21.1)°

93 122
10.33 + 453 11.09 + 875
53 94
56.99 77.05*

22 62
41.51 65.96"
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Figure 2. DNA fragmentation rates of granulosa-luteal cells obtained from follicles with healthy (H) or atretic (A)
oocyte-cumulus complex. Oocyte-cumulus complexes were obtained from 20 patients in IVF-ET program. Ex-
tracted DNA were rtesolved by 1.5% agarose gel electrophoresis at 125 V for 60 min. The agarose gels sub-
merged in PBE buffer containing ethidium bromide (0.5 pg/ml) for 90 min. The gels were visualized and pho-
tographed on a UV transilluminator (A; FSH/hMG group, B; GnRH-long group). The photograph was analyzed
with densitometric scanning (C, D). Values represent mean+SEM. *, p<0.05 versus healthy group.

A= o] wigd
NE S22 8
GnRHa’} ¢ 9]
4& dAF o2 AN E Fate
Atg €t ojn] 9@ ZF-E GoRHa A}-&-of g
Y3HY AHE] Hasm gon}, FSHhMG
o 2 Aujdg fEdte W vws 2 o
b2 e A E, TEE L YA o]
Al zel7b Qle Aoz Badtn grd (Macla-
chlan et al, 1989; Martin, 1989; Herman et al.,
1990, Kim SH, et al, 1991; Smitz et al, 1992). &=
& Be ATAS0] GrRHarl ad] Hgdo
2 Zgste] dAte] 443 A5 e ulA
T e Aoz Budn glort (Hillensjo and
Lemaire, 1980; Corbin and Bex, 1981; Clark 1982;
Naor and Yavin, 1982; Dekel et al, 1983, 198S;
Ma and Leung, 1985; Pellicer et al., 1992), ¥ 2 &
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A7} GnRHa®] AL§ of B2} #A|§lo] atretic 2
= %4 B &2 vl om, w=e YAkl
AERFEHNE T e FHE L EEE
& AV A 7ol QloiA = GnRHa AHg-of] oh&
o]z ATH v AHE dA-GTAE H
g9 ez AEE vl £48 23 he-
althy ol A} =4 &3} G2 Eo| FstA F713t
Ae & % gier, o) e Aol A GaRHa
AAD dAe) & A ohjet Ao 44 A
AL HAX Eols Aoz 44D} o] R
Al thFo 2 Foj¥ FSHe| 2]t GnRHa2
o digt AFAJA Bt AAE + dde
o FErtan & 4 ok

HZ AGrA & wjote] ] Al HAM
EEZRY 53 BY-FA s AEoA AEA
A dojvte Ao] FRlE Y er (Heimler e
al., 1995; Seifer et al., 1996; Nakahara et al., 1997a,
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b), o}E| g Gl Y N E =+ Z4 3} X9
AZAA A dxe] H =& 39 =i o
Fo] sl Aoz Budn Yt (Gibert ef al,
1983; Hirshfield 1989; Zeleznik et al, 1989).
Nakahara 52 3-8 Az gL P34
22 A4F Fo} 3 233 (apoptotic body) B €l
£ Bolg AWE AFsted AEZAAAZT dojyt
E H-&E 2% nwe g Hastg o, Heimler
5% TUNEL (Terminal deoxynucleotidy} transferase
and nick end lebeling) ¥HH & o] &3l 3-8
3 AEE GA A9 3~12% 9 A EAA
AL HI S BT E AEAH T HE 94
A3 Y-85 Nz AEAAA ¥ gl B
E A8TA 2~4% AR F3] FA Qojd
e A€ #39% § A9 218G HE 9 2
F MEAAAL A ZollA Bole 8 234 (apo-
ptotic body)st= 4 & BH 9] 358 ¥ (pyknosis)
< Bol ¥EE & Ut ol $&H &
7Hd AR-FA 5 Az v &L AFHE G
B F, G AERe) BEE 2 A, G724
%9 WA FEs} A Sof vz} 2po]E HYL},
&, AFE dxe ol ¢ F& 79 7g-35
3 AESAM $5E & 2o IE F UA
o, w2 ARY GAE AT FoME 2
vl-go] freistA Zastgch g e &
o Wy Zolo] WE &P o v gde A
ol7} At o] & d ¥ $-&4H HE s 7
g Alxe Fote dxe Hig 48] e A
o2 g¥A fken (Byskov 1979 AETF T,
1987; o} &3 5, 1989; Palumbo and Yeh, 1994), 3
= ol g Yo & AL AEAUAS T
H2 Rustn (Y F, 1997) ot HZo)
gog Aoz Algdt

e 2ol Az Fewtk 73 AEAAAE
B Ao Fr] G £4E 3] 93,
E Azle AEAAAY] A 8 EFojgta &
g A= AT DNA 243 Fe & 2AMl 4
H el AP-gA43 AR AEAAA] AEE
4319t §E58 2y-3x 3 Al 2da DNA
A3} =g E4% A, 300~500 bpol A 23
3E DNAVH o Hese 248 308 = U
o, Hu|Td F= Yo U2 DNA £33 3=
€ BATELE 2% Aol QAT 28 A
8 dAe] Ao g}l DNA £33 38 24}
g da, dE A7 dolygvtn $EHE atretic
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ToA Ed3td DNAQ ol folatA F7tste
AE ¢ F den, oy A d¥Y Iy
AR TG FE AHE dodle T8
fdQolghe 71&Ed =EEH YA sn gt} (Tilly
et al, 1991; Hughes and Gorospe, 1991; Palumbo an
Yeh, 1994; Jolly er al, 1994). 9, FSHhMGRHo 2
F TS F2F FAME 30% el & DNA
B3 AEE Bole AL ¢ & U 9ty
o2 FSHE d¥) 3§ A ¥ 83t 8=
oz Z2E AAH I MIEAAALE JAAT]
t WEAHQ A& Az gHA dort (Hay e
al, 1976; Braw and Tsafri, 1980b; Billig e al, 1994;
Chun et al, 1994), 9}$} 2] &2 DNA ¥33} 3
EE HolE olfE i = I =714 o
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