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o A& JRE ZAEHT, mAFEdY 7AH
Q1 g AR 2A 3] Zled vk Urh(Yoo
et al., 1992).
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Fig. 1. Seasonal changes in ovarian weight and GSI of
Rana rugosa. Frogs were collected twice per month
throughout the year. Ovarian weight (A) and GSI (B} of
individual frogs were plotted in the figure. The solid line
represents the average weight or GSI of 6 - 12 frogs
collected in each month.
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Table 1. Classification of R. rugosa follicles depending on their size, character and seasons collected

Size range
(average size) Seasons No. of
Class (mm in diameter) Characters collected animals
1 0.36 - 0.52 Previtellogenic, clear oocyte year round 12
(0.46)
I 0.54 - 0.69 Vitellogenesis, yellow oocyte year round 14
(0.64) with yolk
11 0.74 - 0.97 Fast growing oocyte with partial Jun. - Sep. 9
(0.86) brown pigmentation
\Y) 1.05-1.39 Oocyte with clear animal and Aug. - Apr. 20
(1.30) vegetal pole
\Y 1.40-1.50 Full grown oocytes later or after Mar. - Jul. 10
(1.44) hibernation

2 WHHE AV 4R FEHAY. &
Class Il 9 2= 6¥-99, Class IV 94X & §
g-o]538 39, Class V 94X 39-T9 A}o]
o BHEAG. o= 7 AA Fold AF
7= AT o RE daud 4% gAs o
£ AXEFo| Bl EAsr] w el et
A o] Tl e dadl x5 o] F
AlA (synchronized) 2.2 dolux] ¢z g%
Al wet A £x7t G2 AXE EAY.
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o717 gete AE 4tk B d¥dMe &
A MAA G s TFelEe] dA gl gl
e g #ER1% ohs(o] S 59) oba W@
A @& T E AP Heae dd
atgdcl. WA Xenopusdll My o & 7jFe]q)
wabe] &g fEse Aoz dEA o
8250 HA A Y wiglA g2 dale
AEE FE2T F JdeXE ZAEYET. o o
XM EE AAZ denude WAk} M= 3
A ZAPEIAHFig. 2).
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oy}l dgeM e}l Zo] FPH(0.05 gland/m)v}
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Fig. 2. Effect of hormones and other agents on the
oocyte maturation of Rana rugosa in vitro. Intact
follictes or denuded oocytes obtained from frogs
collected in May were cultured for 24 hr in the presence
or absence of FPH (0.05 gland/ml), progesterone (0.5
ug/ml), 4a-PDD (1.6 uM), TPA (10 uM), ouabain (1
mM), or progesterone + ouabain. After culture, oocyte
GVBD was examined. Each bar in the figure represents
average {mean + SEM) % GVBD of 120 follicles or 60
denuded oocytes (3 animals). Con, control; P4,
progesterone; Oua, ouabain.
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(Penna and Wasserman, 1987) gEog+
E37T glAY progesterone® FAld A E

wt off 9
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3 dzke] dE59E fFEile eE Yeigt
(Fig. 2) (P < 0.01, thz=¥3 Blafkle o).
ol#1g P32 denude YA E H7o] el
U ¥ ATEL TPAY ouabaing A%
T 2go TR FSE & 5 U

TPAOI 25t MRRT
g YoM 4188 TPAY BEE T £
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Fig. 3. Effect of TPA on the oocyte maturation of R.
rugosa: dose-response study. Follicular oocytes obtained
from frogs collected in April were cultured for 24 hr in
the presence of various doses of TPA (0.001 - 10 uM).
After culture, oocyte GVBD was examined. Each bar in
the figure represents average (mean + SEM) % GVBD of
180 follicles (3 animals).
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Mol a AT T=E g Aotk &
g E 7o H8AE fedle TPA
o &7 =& FIla HBHE fTd=d H
8% TPAd g =% A0S ZARBIYSH A
@7l e Hoz A" AFedr(e] 5
49) 44X E 3t o2 s=9 TPA(0.001-
10 uM)E EEF wido A 2447 wjet ¥
G 55 ZAR 43 0.1 uMANRE &
302 A AFAE FxIE S 49k
h(Fig. 3). @A A&E& el 29
TPAS =% AlHE ZAsH7] 9ste] TPA(10
pM)E 233 ujFHol A 5EA 30%7EA] Hl
%% by ARE A4 15217714 et A3t
5EAME HE&H0Z Yo HEAE TS
gkt (Table 2). 94 4a-PDDE % Al 7t
Al = BV gl (A= BAEA &
&), 308 B TPAC =2A1A A=E & o
+ PKCH ‘ﬁxﬂxﬂ"‘ H-7&¢ &3 djgde=

A WFE e dele G B d
78] ‘Z]*ﬂﬂi’i‘:}(P (0.05. ARZ 72 79}
Hla), T3 TPA A3 ¥ cycloheximide(5
ug/mE XTI vigdd] $AE dxle A
H7b donkx] FAtH(P ( 0.01, ARZE $ZHES
w9} ¥jw)(Table 2).

Table 2. Induction of cocyte GVBD with TPA under various conditions

%GVBD No. of animals
Group Preincubation Incubation (mean+SEM) examined
A TPA, 5 min AR, 15 hr 71+4 3
TPA, 10 min AR, 15 hr 80+3 3
TPA, 30 min AR, 14.5 hr 88+1 3
TPA, 15 hr 0 93+2 3
B TPA, 30 min AR, 145 hr 78+3 5
TPA, 30 min W-7,14.5 hr 4+2 5
TPA, 30 min H-7,145hr 1+1 5
TPA, 30 min CHX, 14.5 hr 17+6 5
TPA, 15 hr 0 94+3 5

TPA, 10 uM; W-7, 200 uM; H-7, 100 uM; CHX, cycloheximide, 5 ug/ml. Group A, experiments were carried out in

June. Group B, experiments were carried out in April.
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TPAS] 9% ¥atel #32= XenopuselA
U lElo Al 2% progesteroneo] 2% A}
= g8 AxAY ATy MiF e EfHE o
% d4o] doldt}(Bement and Capco,
1989: Vanold and Smith. 1990: Kwon
and Lee, 1991). waA oz o] #E 7
g dxle H&o 2 wolEole Hole B2 =
o] ith(Smith. 1989). ¥ H& ZHxojA
SAFedd TPAE AHostd dziel A xHd
MPF7} A4de8tts 21& BoAE bt dh(Yoo
et al., 1992). & HYPdA = °|& &ATH
ol-ge giiTele] WAyt & sltele] M EF
FEEAT W3 ABHNE dod|=4, o
A7 e] daled MPFE ¥33 Axae] A
thFle] HEhE EAE FANEXE ZAVSE
At Fig. 4. Table 3). Fig. 494 RdAFE
uke} o] TPAE AMelg Aol A2EE &

100 -
80
60

40

% GVBD

20

GV Ovulated TPA-—treated

Qocyte Oocyte Oocyte
Fig. 4. Maturation induction of R. rugosa oocytes by
microinjection of TPA stimulated- or ovulated-oocyte
cytoplasm. Follicular oocytes were obtained from frogs
collected in June. Recipient GV ococytes were
defolliculated and microinjected with cytoplasm of intact
oocyte, ovulated oocytes, or oocytes stimulated with
TPA (Oocytes were exposed to TPA for 30 min and
cultured further for 6 hr in plain medium). After
injection, the recipient oocytes were cultured for 24 hr
in AR and examined for GVBD after culture. Each bar in
the figure represents avarage % GVBD (mean + SEM) of
80 oocytes (10 oocytes per animal, 8 animals).
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v s dapel] sty FHoZ wdd 3R
o AXAE FUIE XA I dAFAE
AdoZAHP ¢ 0.01, GV dx9 M ExAF v
&), EZ FPHE FAlo] o3 widd 2747
28] A EAE s IRk FY4shE d8H
7} f=HEUed (first transfer)(P ( 0.01,
GV date] Axas vlw), Fze Ax3L o}
Al HE2E s dat] AdFYE e ol
S (second transfer) 3-Z 7123 M FEAES Ad
FUHE W (22%) BT}t FolatAd @B &o] =
KTH67%) (P € 0.01). S7Hel9 date A

Table 3. Maturation induction of R. rugosa oocyte by
microinjection of cytoplasm or cytoplasmic extract of
GVBD oocyte in vitro.

Treatment % GVBD No. of animals
{mean SEM) examined

R. rugosa

First transfer

GV cytoplasm 2516 5

GVBD cytoplasm 78+10 5

Second transfer

GV cytoplasm 22+9 3

GVBD cytoplasm 6710 3

R. nigromaculata

GV extract 15+4 7

GVBD extract 52+12 7

R. dybowskii

GV extract 1216 7

GVBD extract 72+6 7

Cytoplasm or cytoplasmic extracts of GV or GVBD
oocyte obtained from different frogs were microinjected
into immature GV oocytes of R. rugosa and cultured for
24 hr. After culture, recipient oocytes were fixed and
their maturation {(GVBD) were examined. More than ten
oocytes per animal were used for this experiment. In first
transfer experiments, ovulated oocytes (GYBD) and
intact GV oocytes were used as donor oocyte. In second
transfer experiment, recipient oocytes from first transfer
experiment were utilized as donor oocytes after 24 hr of
culture. Oocytes of R. nigromaculata or R. dybowskii
were induced to mature (GVBD) by culturing in the
presence of progesterone (0.5 ug/ml).
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T2 (Rana nigromaculata)\} w7432
(Rana dybowskin®l B2 (HE38) Fale
A FE2F AEA A A A8 f e
A (Table 3). & M7 L 711 &
ZHGV oocyte)d] AEAL vy FUHE wjof
€ #Ed7t dolvA] e (15%) e
(GVBD oocyte) dAte] AEHE FUHLS o
de HEAEe] A EFATH52%) (P (
0.01). Bl elel = agad el A
¥ FE2ES 4S5 IA nAFARES o n)
s P22 RS FULE gET FolsA
datel HBANE FEdHG(72%. 12%) (P <
0.01).

=2

A3 AR2RE LT yae g
AT vl& g2 Zo] & EAE 1A
I dte AL Ut AR, AT E B
717} 490l M TE7HR) vlmA @ 717 Bt A
e ole MAR9 zAd wat @t
27 ot A, 2/ daud
= 4% 27] 9AQ Class I, 118 gESo] o
% TAsH EF7lee A8 A% dAle g%
Eo] 23 AT, ol AX(dhHEY A
 Sxt A5 dade AL HodFo AN,
FHF F dabe B2 H2d #HI gl
EX AL gl FEE(progesterone,
FPH)d Asd-&& dovx) itk a8y
°ojE TPAE AMEstd A%o] FEHJUT.
T dxEe] olF 327 we3tE meiotic
competence® ¥A| E3Uout PKC °|Fe A
& @A AdolEhe RAE HAFE,

ST A5 GSI YA FAe Wi 1
o oE ATee aRze g8 o gEe &7
8] obAl= A7 (2712 Kol A7) 7F &4
82 ¥eth(Fig. 1). &@x o] AFgdAE 4
YRE 89 Alolo] vlmA @& GSI k(e 4
ojah) & 71zl T Eo] ®e] Yehte RS &
T Ak FUEAS 49904 79 Aloldle W
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7194 8 GSI gke] 2(<F 8) M Eo] &
G BAEE AL & £ Ad o] L o
ANY Ftolle Eg Apele ofF g 8
2l g2 FelEe] B EAITE AL 9
sty mata WAt ni g Ade AL 4 F
ek, ZAATEY ASoe 599 GSIY ol
FElo] dolAn EE 59 olgdle ArEL ¥
A3 A FE Aol FAlo #AHE A7 A
9 g (Kwon et al., 1991). &} &7
TEEE 43S AAdA Ale ATFeEE ¥
7l s BAoe Ag o BEAEAM & &
AAT. F WAV W AAYE 29 AL o7
MR A e E AP wEelth ST
g AAAZE F3] A= Sloid wHa X
A o AR B F Ader 2o en
7 A gElvke AdoMe 4R (4-59) A
& st AF AT wuE o 227t &4
ZE7te AGodME =A6-72) AHL 849
o 2y 54 Ao dF Azl Aeg
sttt 8¥ele oW MAAGNE 2 daE
Ad AEE A Fe AFeEES 24 5 9
€ Ao Hop AWt ByuE AL ¢ F
A4t

ST @AY AR GRS J1Ed A
o2 A7 oz ot @y Yuwkxe
27 dXE AL dAFHoE oy
Al ARl daddE 37| At e
TR AXER A Je Aew A U
(Schuetz, 1985). SdMlTav ITe=
olglg ¢de RAET(Kwon et al., 1988:
1990: 1991). 22y} il B 717t
S AYdtne daucs TAsE JEEY 4
& e g ohekskdn). o33 2o A
@AE Class [9)4 Class V 744 sA|doz
TE3td (Table 1) AX9 AAS %Alg Az
8-9¥dl= Ae BE AR @AY JFE
dadels FRHAdE AL U, =3}
Class 12} 119 &8t w=& 4I5S AF A%
#FE = Ax 5ol Aol a2y olg
g Axo A e A¥AHA A+l (Rana)
9 A& ZA YWoiux] Fed. gukshd g 39



January 1995

Aol A9 TG 7IERE olgd ARIIAAE
A2 FAAge X Ee] FAE ALz W
o Fo|},

SATE S dAZE W Tl = A uf ol
A Zad &S oA gerthes A
< of FuEe dojrh, d¥tFEor e
ke A wige A FH Zols ZTE2EA
2 kg2 x| gl FHo| A mat whg
ol AXAM FIFH o2 A7) A A A
Eubeg o $ 2 dozith oz TE2E o
3 owkexE e FHd ez gt o
2. B Fee 59 2o 9A S F
do7x] gyt 12858 ¥&E F dogiy
AA7)Q 290 2R glole A WY
dlA Ae(Add d%)E dozith(Kwon et
al.. 1989). ¥/ Fel(Rana pipiens)e 4%
715 A45uegE deodlm Frlde o #
dogt Har|dA Apdtd H&g dodle A
% 23] =&t} (Kwon and Schuetz, 1985:
Lin and Schuetz, 1985). #/+8le 9%
1e BE 370 7ite] & W 7AA(3Y) 2=
S8 3A 4t 49HE 2R 4K
do At Ahn et al., 1994). &4+
W7o A 23t AL wigadd 52
& 3x gowmz 4 red AtE
wrgAo] ujg vrim BT ofvlE
AEe TH s T2 i g
el AA 7bsAel M I WAl o
e F3) e 7Nt o] FAE Hez F
A, dA7t 32E Wi 4&5& do
717 Eshe R AXA &Aoo o d HIUY
o Folt}, ofE WxtEC] TPA] wr&std d%
HE deAY MPFE 348 £ dvte e
PKC2 843 olF9 AsdAls AHAdolete
RE guizct, wepA griFEle dale 52
22| AFoA PKCel ol2& oW o] 2F
< &A Ese= R Zrh. Ouabainol
progesterone® A Ao 2 Fate] AH&H
€ fxdte RAE e FvE2E dolvk(Fig.
1). ol dak A& MA dAlAM Na'/K*
ione] F34 W3t old H¥E Idve S
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AAbElFED Qlth, ey 2 AAE 7)ol sl
e olz & + qidk.

XenopuslME AX9 A4S AN dAZ
(Class I-VI) Uy Class VY dAES &
289 ¥g& 31X %tir} Class VIl =3t
A B2h A&5NEE dodle Aor LA
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Reproductive Cycle and Maturation Induction of Oocytes in Rana rugosa
Myung Sik Yoo, Chul Ho Ra, Ji Yeul Kim*, Sung Gu Kang**, and Hyuk Bang Kwon (Dept. of
Biology, *Dept. of Nuclear Medicine, Chonnam National University, Kwangju 500-757, **Dept.
of Biology, Inje Universtiy, Kimhae)

The present experiments were carried out to investigate the reproductive cycle of Rana rugosa
and to induce maturation of oocytes in vitro. Reproductive cycle was investigated by examining
seasonal changes in GSI and field observations. Frog GSls were lower in April-August than in
other seasons. From field observation, breeding of this frog appeared to occur during April-July.
Follicular oocytes obtained in breeding season did not undergo germinal vesicle breakdown
(GVBD) in response to progesterone or frog pituitary homogenates (FPH), but underwent GVBD
in vitro in response to 12-O-tetradecanoyl phorbol 13-acetate (TPA), a protein kinase C (PKC)
activator or to ouabain {a Nat/K+ ATPase inhibitor) with progesterone. Those oocytes also
underwent GVBD when they were microinjected with cytoplasm of TPA-stimulated oocytes or
matured oocytes of other species of frogs. TPA-induced cocyte GVBD was suppressed by the
presence of H-7(1-[5-isoquinolinylsulfonyl]-2-methyl-piperazine), a PKC inactivator. Taken
together, data presented here suggested that follicular oocytes of R. rugosa, regardless of their
size, are not ready for maturation at some steps upstream to PKC activation.



