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Objective: Our present studies were conducted to examine more effective isolating method of
preantral follicles from mouse ovaries. |

Methods: ICR mice (3-6 weeks old) were sacrificed through cervical dislocation and their
ovaries were removed and put into watch glasses containing Hams F-10 supplemented with 10%
fetal bovine serum (FBS). Preantral follicles were isolated by three different methods; 1)
enzymatical method and 2) mincing method, and 3) scraping method. Enzymatical method was
carried out as following. Ovaries were bisected with a pair of fine 30G needles. Bisected ovaries
were incubated at 37°C and 5% CO, incubator in 2-well dish containing Hams F-10 supplemented
with collagenase 600 IU/m! and DNAse 20 IU/ml. After 20 min., follicles were isolated by
repeated pipetting. Isolated preantral follicles were collected, and the remnant of tissues was placed
in incubator and previous procedure was repeated. Mincing method was carried out with a pair of
fine 30G needles attached to 1 ml syringes and minced ovary. Scraping method was carried out
with a pair of fine 30G needles and scratched to surface of ovary. The differences between
isolating methods were analyzed using Student's t-test and Chi-square. Results were considered
statistically significant when p value was less than 0.05.

Results: In handling time, mincing or scraping method (28+3.42 min or 16+1.58 min) were
significantly (p<0.00001) shorter than enzymatical method (72+1.69 min), and scraping method
was significantly (p<0.01) shorter than mincing method.

Total number of isolated follicles was significantly (p<0.0001) higher in enzymatical method
(49.8-3.91) than in mincing or scraping method (25.3+£2.33 or 20.5+1.75). Isolated follicles in
<90 um were significantly (p<0.005) higher in enzymatical method (15+1.71) than in mincing
or scraping method (7.8:+0.98 or 8.1:4:1.31). In 91~130 pm, isolated follicles were significantly
(p<0.0005) higher in enzymatical method (33:+3.27) than in mincing or scraping method (16.3+
1.82 or 10.7+1.38). In >131 um, isolated follicles were not significantly differences between
all groups.

In equal sizes, the rate of isolated follicles in <90 um was highest in scraping method (39.6%
vs. enzymatical method: 30.1%, p<0.05; mincing method: 30.9%, p=0.11719, NS). Rate of
follicles in 91~130 um was significantly (p<0.05) lower in scraping method (52.7%) than in
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enzymatical or mincing method (66.3% or 64.5%). Rate of follicles in >131 ym was highest in
scraping method (8.3% vs. enzymatical or scraping method: 3.6%, p<0.05 or 4.6%, p=0.19053, NS).
Conclusions: This study suggests that scraping method is simple and useful for isolation of
preantral follicles, because this method reduced handling time and recovered enough follicles.
The recovered rate of isolated follicles in diameter of 91~ 130 wm was highest in all methods.

Key Words: Preantral follicles from mouse ovaries, Enzymatical method, Mincing method,

Scraping method

A7 o) A preantral follicles-& ¥} & T4 o] e
2 AZANTIE el H2 2 | B¢ Bgy
o], WFe] F=d F5IAS A SH - wioFst
A o]t ARLE Aibshe dde] Wik
71l 28 ek Roy9} Treacy (1993)°7}
Aol AEe g MM preantral follicled
o Fsl=d] A-F3kd . o] 52 premenopausal ()
ZAA) Al el iAol M preantral follicle-2 enzyma-
tic digestion©. & ®-2l8lg] o, o} ZaollA 2 e
antral DA 7HA] Wl FE=d] JF3IA) o] }F
oA += human preantral follicle & ¥-2]3}:=1] col-
lagenase} DNaseZ ALE3lgct’ AlS " &4
kT typed thEA T, ra, hamster,® A7) %6l A
T ko E4E X203l preantral A2 Y ¥
& Eelstz o
EAE A28l follicled ¥elsle whie 2
17 B ¥et B 9 42 E A58 F e
Zol ot ey o] WY& HelA|zte] "o
A follicles] AAAA ARAL A sz, E, WA
of) B4A 9] theca layerE &M A follicles) DAY
THE AA7IA HEZ A&de F713e A
el dFS F 7FsAol ok, H 2l
B AR P &M ARC S v Beg
o 71AZH A PHE AA = ok 28 prean-
tral follicle g & &joll A ¥2]8 o AL&E 5 e
i) dig A8t i S A @] gl A4ein

meEtA B Af e AF FAZRE prean-
tral follicle S £2| % o} W23 9 £29hy
£ 271 f8td 54 Ay 71AHQ 9hy
2.2 1o follicded FeElsted 289 e A7
ol GRS 8 A2V E Hla - EAEE

N

ot

AT CHA o
1. BA &2

E A3 A" AFHE 3~6 F3 Alo] 9

ICR AZL8 &% (20~22C)% W (12 hrs: 12
hrs)o] 24 oM Ao, Atag &
& PR G5

2. vjoele) Za|

Vash ol A3 20% FBS7F HUHE Ham's
F-10 (F-10, 11550-043, Gibco, USA) A} A A 8%
ok, RE "joFd-& 0.5% antibiotics (Streptomycin
sulfate, $-9137; Penicillin-G, P-3032, Sigma, USA)E
718 o 459 =% 7] (Osmomat 030, Gona-
tec, Germany)& o] -&3}a] 4HE¢-& 280 mOsmol/
kg2 AT AFLS B YA 02 pm
o] o7 Millex-GV, Millipore, USA)E | 78}
H 2} 14 ml tube (2001, Falcon, USA)<] £ ¢}
AT BaEcrE A& Et T Ea A2l
o}8 Eali= Dulbecco's Modified Eagle Medium
{DMEM; 11966-025, Gibco, USA)e] 600 IU/ml
(0.0036 g/ml) collagenase (Type I 17100-017, Gibco,
USA)¢} 20 [U/ml DNase I (18047-019, Gibco, USA)
g Arete] ALSE AT AR AHE S W FY
< ARE A FE] H48 643 Al 37T, 5%
CO:; incubatord] @ o) FU 71 AHE-8H T

3 chzol Fa|Uy

AAE BHGdIor 248 F ERE AL
st} YEaa Aol HEE uwted 4=
Fostd M G4 g A&t H2E dae o
29 Az oA da EH) g o84
H4g 7 Ro] AANGCE 1 mle] washing medi-
um (20% FBSE ¥-& Ham's F-10)0] S Sl
watch glass® YA E $AFE thy Er|3 3o
A forceps¥} 30G syringe needle (320310, BD, USA)
£ o] g3ta] o Bl A 2H L A As A,
GEE B et Bl wet 4] daA da
£ A=zt

-236 -



Figure 1. Procedure for isolation of mouse prean-
tral follicles by (A) enzymatical digest, (B) mince or
{C) scrape ovary. Notes: a = pasteur pipette; b = two-
well dish; ¢ = ovary; d = fine 30G syringe needle; e =
watch glass; f = forceps.
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Watch glass2 $743 dae 20008 (x20)9)
AAEu]ZE BHA F /2] 30G syringe needle
< o] &3t o2 2o 2 ol 2hd
49 232 collagenase®} DNase [o] H 7t ok
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Table 1. The comparison of isolating methods of preantral follicles from mouse ovaries and handling time

Study group p-value”
Variable
Group 1! Group 11! Group m? A B C
No. of examination 10 6 7 - - -
No. of ovaries 10 6 7 - - -
Handling time (min)
Examination
1 70 40 20 - - -
2 75 40 20 - - -
3 80 22 20 - - -
4 70 23 15 - - -
5 66 25 17 - - -
6 65 20 10 - - -
7 70 - 10 - - -
8 73 - - - - -
9 68 - - - - -
10 82 - - - - -
Range 65-82 20-40 10-20 - - -
SD! 5.3563 8.3798 4.1747 - - -
Mean =+ SEM 71.9+1.69 28.313.42 16.0:£1.58 <0.00001 <0.00001  0.00997

Note: A = Group I versus Group II; B = Group I versus Group HI; C = Group II versus Group IIL
*p<0.05 was considered statistically significant (Student's #-test; two-tails, d.f. = 1).
tGroup 1 = Enzymetical method, *Group 1 = Mincing method, 1‘Group HI = Scraping method, 'SD = Standard

deviation
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Table 2. The comparison of number of collected preantral follicles and isolating methods of preantral follicles

from mouse ovaries

Study group p-value®
Variable
Group 1’ Group it Group m" A B C
No. of examination 10 6 7 - - -
No. of ovaries 10 6 7 - - -
No. of Total collected follicles
Total 498 152 144 - - -
Range 31-76 17-33 15-27 - - -
SD! 12.3677 5.7057 4.6246 - - -
Mean+SEM 49.8+3.91 253+233 205+1.75 0.00009 0.00001  0.08289
No. -of collecied follicles by sizes
<90 pm
Total 150 47 57 - - -
Range 9-26 4-10 2-12 - - -
SD 5.4037 2.4094 2.9966 - - -
Mean +SEM 15+1.71 7.8+098 8.1x£131 0.00219 0.00340  0.42643
91~130 um
Total 330 98 75 - - -
Range 20-52 11-22 6-16 - - -
SD 10.3344 4.4597 3.6533 - - -
Mean+SEM 33+327 163%£182 107138 0.00050 0.00003  0.02430
>131 pm
Total 18 7 12 - - -
Range 0-15 0-2 0-4 - - -
SD 4.4452 0.8975 1.4846 - - -
Mean + SEM 1.8+141 124037 1.7+056 0.34420 0.47909  0.23423

Note: A = Group I versus Group II; B = Group I versus Group II; C = Group II versus Group IIL
*p<0.05 was considered statistically significant (Student's r-test; two-tails, d.f. = 1).
Y Group I = Enzymetical method, ¥Group II = Mincing method, "Group Iil = Scraping method, 'SD = Standard

deviation
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Figure 2. Rate of collected preantral follicles by sizes in different groups. p<0.05=+: £f; 1: 9, || : t1.

p<0005=*:F, 514, 15 N 0, oo I ow N9 1, £ O -test).

3.9170)°] & A )T (Group I 25342337,
p=0.00009; Group III: 20.5+1.757}, p=0.00001) 5.
o 3 ad G 71 gokoh 4 el FelA
¥ YA E mincingdl= WY (Group M)3} scraping
she WY (Group HI) 2o} Sl58 dXo| £:= &
2ol 7F 1% ok (p=0.08289, NS).

2eld dEE =71 (<90 pum, 91~130 um,
2131 pm)E o] Bgkg o, ¥xo A7)t
<90 um¢! %, 4 A2} F (Group L 15+ 1.7178)
o} &&= A7 (Group I 7.840.987], p=0.00219;
Group IIE: 8.1+1.3174, p=0.00340) B.c} 358 ¥
¥ 7t ggko, @& A2 Fo M e Group I
g} Group MIZke &tol 7t QIAT} (p=0.42643).
£} A7|7} 91~130 um? A$, A4 AP
(Group I: 33:+327/)°) ©& A3 (Group I
16.3+1.827), p=0.00050; Group HI: 10.7+1.387},
p=0.00003) Bt} 3l€ d¥ 9] £7 Bgta, @&
H el ol A Group IV} Group I ¥t} (p=0.02430)
Btk G2 2717 >131 umQ) B %, HY P
Zroll zbelst 1At} (Group I, 1.8+1.4170; Group
11, 1.2:£0.377}; Group III, 1.7+0.567}).

w43 dAol A preantral follicle s &) -
35g o A4 A2l (Group Dol A 3 5E e ¢
2o 71 B gtk a2y, 9 Ay

(Group 11, Group ID2. 2% B 49 WX E 34
Il iU el=d

3.chxe A0)Y B4ulE

YEE 7R 5o H5u &S Grow T
o ¥l w3t 2 #E Figure 20 vrelRich
2 Group WX GXE A71HE Yo 3
&8 v 35l9 & W, E Group A Y X9
A717F 91~130 pumAloldld 3 48]& (521~
66.3%)°] 7+ Ut B xe =Z717F <90 umsl
AL B4u]go] 30.1~39.6%Q 51, =131 umel A
2 3.6~8.3%= 3 5u] 8ol 71 Wttt
2 A7]9] dEAA 35 &2 Group e
¥ w3t S o, 27]7F <90 um¢l Yo} 35y
€& Group II (39.6%)N A 7+ &stc} (Growp It
30.1%, p=0.02566; Group II: 30.9%, p=0.11719, NS).
A717F 91~130 umel dE 9| 3 FH] &L Group
11 (52.7%)) A1 744 stch (Group I: 66.3%, p=
0.00434; Group II: 64.5%, p=0.02944). Z7]7} >131
um¢l FE e 3 FH| & Group T (8.3%)A
7Y =3k} (Group L 3.6%, p=0.01655; Group II:
4.6%, p=0.19053, NS).
wabx] A2 Aol A preantral follicle S £ -
348 o, ktel Aol ot BE AT

- 240 -



A 713 Bl go] B ¥ I E 91~130
pm e}

AAE o

EH FEY dA2RE 8 o g9
gAY GR2E Y 4T & dde A 1
T EAE o83 Feidde FE AHEH
94 t}. Torrance 5 (1989)7} Carroll 57 (1991)2 Al
#He d& =7HE collagenase (Type I) 1.5 mg/mia}
DNase 1 40 TU/ml€ 83} Hepes-buffered medium
M1990)) o} 37C incubatorell Al 3083+ & X &
Aol Y4 EelE st £4] & digestionst i 1}
] 125 pm nylon mesh o} 7}8ted GEE 358
4 ok 3k o} Royet Greenwald® (1996)= A3
o] W4 ZZ42 collagenase 750 IU/ml3} DNase |
100 IU/ml& FF3tx gl KRBG wjgdo] &
ofE AT HE Fe¥el Yol 37T
208 B¢ AR 3 108 1FH 2.2 pasteur pipette
o7 g AolE L nylon meshE A sl YEE
Fratdoh & AFdMe A da 274
collagenase (Type I) 600 IU/mlz} DNase 1 20 TU/ml
7} -85 o] A& DMEMe) o] 37C incubatord]]
A 2083 FAA7) & s A BL pasteur pipe-
1l 2 FUTH HEFE WESHA dFE Bt
Ak

AR GAdl A GEE Felste wigale @
TE A&A o= o] o)A 1 Ut} Roys} Treacy’
(1993)7} Aol e HEo2 25 2 s
£2] 3l preantral follicle-2 A oA A77F B3
A Zch Abir 5 (1999)& &4 Hajwyo
B ANRY] oA FEl§ 2] dAle X E
collagen gelsol] A wjj ekt ovb b= &3k
o1 3t o

o] 9ol % rat,”” hamster} HMFHJHE T
EAE Helsto] preantral follicle S 2] 8tg <]t
o] WY& A FAS Fhd »E2AA GEE
A o ¢¥ 24 A= i EHE A
Zto] 2o A HER A eoA) tEe] PAAQ

- 241 -

7ol AL E Aabe] B2 theca layer
7} &45lo] AA o2 ¥ o) wayFE o] Yo
AA AN TR TEY dad) AAE XY
o Beld GFXE-E wjdY droplet 3toll A AT
F< vioko] o] w ol gelE o] &3 A
oFo] ol o] 43 Ut} Agar gel’7 Matrigel”S
o] &g A oA theca-free FE7F A 2| ul F
oA antral GA7AX] 348 4 1Ak Collagen
gelso| X & preantral AI7EA] A Ao] REH UA
) oocyte Y& AN E LEE AIIA R
o ek w3 27 B o8] /)] granulosa
cells £ 712 human follicles-2- collagen gelsofl A
ApebA) Rk

Greenwald®} Moor” (1989)= )2 2] Y4 E mi-
ncing ¥t 3 collagenase X €] 5t 60 pm ©]3}<!
200,0007] 2] primordial follicles2 3] 43t% oM,
Hirao™ (1994)%= collagenaseE 2| 3PHA] microdi-
ssectiond}ed 100~250 um =72 G2 E 10078
% B4etgleh. B8 Wandji 5 (1996) &9
Ao BAE Hastod 30~5070 A =2] preantral
follicle (60~179 pm)E A& 4 otz st uh
A, Figueiredo 5% (1994)& 29} %42 mechan-
ical chopping W' © 2 100 um& t} 2}2 preantral
follicle S 377) 48}tk Cortvrindt®} Smitz™
(1998)= 243 9 early preantral follicle (100~130
um)& A A HjFste] oocytee] 373 gran-
ulosa-celle] ¥4 & 2 AtolA] g el da
oA 30~4074] MF FbHed GEE 5 5
9lrhir 8+ 31, Katskash Ryfka™ (1998)e A&
%2 microdissectiond}o] late preantral ~ early an-
tral follicle 177) 4% 4 dvkx kvt ot
A ojz) 29| $B dadM GEE Felohe
W oFelA &l A o] ZIAAY Agd
Ho B2 $9 GEE FEE ¢ Ut & dF
AME T4 e o] Z1AAQ Ay R
34d dxe] F7b ol FAH 2AHE veh
1A} g} (Table 2), handling timeo] 2 o}A] & o]
9191tk (Table 1).

ol 9} Zo] EAE AMeldte] FaclA
Eelste WYL 30t deketn &

2 2% & dde Aol dA,
gl - S5 W Zld =2Ho dE IF
Egso] dx o] HFH AA|EFE /L
2 g3, Bho 2E2HE A|Zto] oA
A} unknown harmful effect®} 7}3Ade) Ho4e &

e
4

2050 e o

4" rlo
b
t o

il



A&E g F Uk gekA H2d e AP
FP 2N a2 n PFHY S GEE BT o
Z1ARQA i E AAHD Uk B dFdME
preantral follilce S ¥ & o) E4 A2 WY (Fig-
ure 1A) &2 F 71219 71A1F2 < A whge
2 4T E ¥t e (Figure 1B, ©), & 7R =
AAEnF (x20) 3o A 30 gauge needleZ i
232 HAG9 8 A2 F walch glass2] uhetol
ol A& GEE 35l PEol™ (mincing
method), & ¥ 7lX) &= die] EH-E 30 gauge
needle?] ¥ RE o2 Fojule 24& wEFR T
watch glasse] uiche]] EolA Sle BEE 343}
£ ¥holt} (scraping method). ¢4E mincing3}
T EE U E BEE v 2L d7AE] AL
43ty gloyt (Boland %, 1993; Boland®} Gosden,
1994; Abir 5, 1997; Cecconi 5, 1999) "> 4
& scraping®t= P& BA7A A8 Pe 4
ot}

GEE g w A ol Beldyoem
A48 YEE AVjEE 3 eusS Hes v,
M B AL 91~130 um (52.1~66.3%) L1,
<90 pm (30.1~39.6%)7} 71 th-golgl:, >131
um (3.6~83%)%] Aol 717 H k= Fo) FEF
o}t (Figure 2). 13}, e} Ejubyo] 2
o] Aol viA = J gk g = A7)
A&H 0T = ojor & Hojrt

BEA 0B, AZ o)A preantral follicle- ¥-g] -
A5 w) 54 A e Mt e Fo ot
EE IAFIPAE, VAR o Hse i
E2X F88 59 dEE SR HeATt
< IA DEAZ F AT 2 FAMNE GA S
scrapingdt A& O S g AESHA ALEE &
de @& Eefo] 2 FHoltt g e dEd
A 74 g o] B dEe] Av)E 91~130
pm%i o}

B A9 2742 Jeld dxel g3 Baly
S Y FAE B YA T J7RH, 8A
Fo BE 5 o8 71X B4 rastn Hsth
Al olgE 5 U Aojtt. YAAQ] SHoA B
g, dAael BEE Ayl gAY dA FAE S
ool H= o4 FoME axdorn 49
T U= 712287 2 Ao|th

ZAte| 2

2 AdE ZEUgay E4dd7ae o
AFadN P YS-E WAFY, ZAe) 94

Q

E=

10.

11.

-242 -

=3Yrt
3 e
. Eppig DG, Schroeder AC. Capacity of mouse

oocytes from preantral follicles to undergo em-
bryogenesis and development to live young after
growth, maturation, and fertilization in vitro. Biol
Reprod 1989; 41: 268-76.

. Boland NI, Humpherson PG, Leese HJ, Gosden

RG. Pattern of lactate production and steroido-
genesis during growth and maturation of mouse
ovarian follicles in vitro. Biol Reprod 1993; 48:
798-806.

. Gosden RG, Boland NI, Spears N, Murray AA,

Chapman M, Wade JC, et al. The biology of
follicular oocyte development in vitro. Reprod
Med Rev 1993; 2: 129-52.

. Spears N, Boland NI, Murray AA, Gosden RG.

Mouse oocytes derived from in vitro grown pri-
mary ovarian follicles are fertile. Hum Reprod
1994; 9 (Suppl 3): 527-32.

. Roy SK, Treacy BIJ. Isolation and long-term cul-

ture of human preantral follicles. Fertil Steril
1993; 59 (Suppl 4): 783-90.

. Gore-Langton RE, Daniel SAJ. Follicle-stimula-

ting hormone and estrogen regulate antram-like
reorganization of granulosa cells in rat preantral
follicle cultures. Biol Reprod 1990; 43: 65-72,

. Cain L, Chatterjee S, Collins TJ. In vitro follicu-

logenesis of rat preantral follicles. Endocrinology
1995; 136: 3369-77.

. Roy SK, Greenwald GS. Methods of sepuration

and in-vitro culture of pre-antral follicles from
mammalian ovaries. Hum Reprod Update 1996;
2: 236-45.

. Torrance C, Telfer E, Gosden RG. Quantitative

study of the development of isolated mouse pre-
antral follicles in collagen gel culture. J Reprod
Fertil 1989; 87: 367-74.

Gougeon A. Regulation of ovarian follicular de-
velopment in primates: facts and hypotheses.
Endoc Rev 1996; 17: 121-54.

Gilling-Smith C, Willis DS, Beard RW, Franks
S. Hypersecretion of androstenedione by isolated



12,

13.

14.

15.

16.

17.

18.

19.

thecal cells from polycystic ovaries. J Clin En-
doc Metab 1994; 79: 1158-65.

Abir R, Moore PA, Franks S, Margara RA, Mob-
berley MA, Winston RML. Mechanical isolation
and in vitro growth of preantral and small antral
human follicles. Fertil Steril 1997; 68: 682-8.
Cecconi S, Barboni B, Coccia M, Mattici M.
In vitro development of sheep preantral follicles.
Biol Reprod 1999; 60: 594-601.

Katska L, Ryrika B. The isolation and in vitro
culture of bovine preantral and early follicles of
different size classes. Theriogenology 1998; 50:
213-22.

Nayudu PL, Osbormn SM. Factors influencing
the rate of preantral and antral growth of mouse
ovarian follicles in vitro. J Reprod Fertil 1992;
95: 349-62.

Roy SK, Greenwald GS. Hormonal requirements
for the growth and differentiation of hamster
preantral follicles in long term culture. J Reprod
Fertil 1989; 87: 103-14.

Caroll J, Whittingham DG, Wood MJ, Telfer E,
Gosden RG. Extra-ovarian production of mature
viable mouse oocytes from frozen primary fol-
licles. J Reprod Fertil 1991; 92: 197-207.

Abir R, Roizman P, Fisch B, Nitke S, Okon E,
Orvieto R, Ben Rafael Z. Pilot study of isolated
early human follicles cultured in collagen gels
for 24 hours. Hum Reprod 1999; 14: 1299-301.
Quist R, Blackwell LF, Boume H, Brown JB.
Development of mouse ovarian follicles from
primary to preovulatory stages in vitro. J Reprod
Fertil 1990; 89: 169-180.

-243 -

20.

21.

22.

23.

24.

26.

27.

Hartshorne GM, Clark C. Growth and endocrine
responses of mouse ovarian follicles in vitro.
48th Annual Meeting of the American Fertility
Society, New Orleans, Louisiana, USA, 31 Oc-
tober-5 November 1992; P-0286: p77.

Merriman JA, Carroll J, Whittingham DG. Ma-
turation and fertilization of oocytes grown in vi-
tro and in vivo. J Reprod Fertil Abstr Ser 1993;
11: 1.

Greenwald GS, Moor RM. Isolation and prelimi-
nary characterization of pig primordial follicles.
J Reprod Fertil 1989; 87: 561-71.

Hirao YN. In vitro growth and maturation of pig
oocytes. J Reprod Fertil 1994; 100: 333-9.
Wandji SA, Eppig JJ, Fortune JE. FSH and
growth factors affect the growth and endocrine
function in vitro of granulosa cells of bovine
preantral follicles. Theriogenology 1996; 45: 817-
32.

. Figueiredo JR, Hulshof SCJ, Van den Hurk R,

Nusgens B, Bevers MM, Ectors FJ, et al. Pre-
servation of oocyte and granulosa cell morpho-
logy in bovine preantral follicles cultured in vi-
tro. Theriogenology 1994; 41: 1333-46.
Cortvrindt R, Smitz J. Early preantral mouse fol-
licle in vitro maturation: Oocyte growth, meiotic
maturation and granulosa-cell proliferation. Ther-
iogenology 1998; 49: 845-59.

Boland NI, Gosden RG. Effects of epidermal

_growth factor on the growth and differentiation

of cultured mouse ovarian follicles. J Reprod
Fertil 1994; 101: 369-74.



