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ABSTRACT  To analyze  the  mode  of transmission  ef  the  activating  stimulus.  the change

in time. course  of  the 2nd maturatien  divisien was  examined  in eggs  of the frDg, Rana
nigromacutata,  whlch  were  actiyated  by insemination or by prlcking after  UV-irradiation
at  either  the  anima]  or  the  yegetal  hemisphere, ]rradiation of  the  animal  (UAF) or  the

vegetal  (UYF)  hemisphere  before insemination retarded  the  2nd maturation  division tn
compurison  with  that  in normally  fertilized eggs  (CF). When  the  eggs  were  pricked at

the irradiated surface  (UAP and  UVP,  respectiveiy),  however,  the  2nd maturation  division

progressed  faster than that of CF, The  comparison  of  the  veloeity  of the 2nd rnaturation

division between UAF  and  UVF,  and  also  between  UAP  and  UVP,  showed  that  the  cortical

reaetion  in the  vegeta]  hemisphere  was  affected  by  UV-irradiation more  severely  than  that

in the  animal  hemisphere,  The  results  suggestEd  that  the  quality of the granules  or  the

constituent  within  the egg  cortex  rnight  yary  according  to the regional  clifference in the
egg  surface.  (Zool, Mag.  90:  290-294,  19SD

    It is we]1  knewn  that  continuous  clisintegra-

tion  of  cortical  granules  results  from the  trans-

mission  of activating  stimulus  in eggs  of  various

kinds of  anLmels  including frogs (Motomura,
1952 ; Kemp  and  Istock, 1967). mammals(Austin,

I956) 
,
 echinoclerms  (Sugiyama, 1956 ; Allen and

Grifin, 1958), and  fish (Yamamoto, 1956).

Recently, it was  reported  in XenoPus  eggs  that

one  kind of  cortieaL  granules  (GA) was  distri-

buted  in the  cortex  of the animal  hemisphere,
while  two  kinds of  cortical  granules  (GA and

GV)  were  found  in a multilayer  condition  at

the  yegetal  hemisphere  (Grey et  at.,  1974).
Sometimes intact granules  remaining  after

activatien  at  the  vegetal  cortex  (Grey et  al,,

1974; Kotani et  at,,  1973) were  also  found. It
is clear  that  the  cortical  reaction  is tfansmit-

ted  thrDugh  the  overall  surface  and  even  at

the  vegetal  surfaee,  and  that  most  cortical

granules  disintegrate aiter  inseminatien  or

artificiaL activatien,  In spite  of these accumu-

lated finclings concerning  the  cortLcal  reaction,290

there  sttll remai:s  an  important questjon  as  to

whether  the cortex  at the  vegetal  hemisphere

is the  same  as  that at the  animal  hemisphere.

In order  to eo]tribute  to a solutten  of  this  and

ether  probEems.  the fellDwing question  was

asked  in the  present experiment;  does  a  dif-

erence  in the  ve]ocity  of cortical  reaetion  exist

between  the  cortex  of the animal  and  the  ve-

geta] hemisphere?

          Material and  Methods

   Adult  frogs of Rana  nigromacuiata  Hal"
!owell were  co]Iected  eaTly  in the  breeding

season  and  mature  eggs  "Jere  obtained  Ihrough

artificiaL]y  induced  ovu]atien  by  means  of  pitui-
tary  implantatien <2 pieces/indiv.) and  horrnone

iniection (O.05mg progesterone!indiv.), The
tnsemtnatien  was  done  artificially  by sperm

suspension  and  the  pricking  was  done with  a

clean  glass needte.  Eggs  were  reared  in tem-

perature  regulated  water  (2e± O.5"C) after  in-
semination  or  pricking.
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                       Actiyatien of  Frog

   For irradiation, stripped  eggs  were  arranged

separately  en  a slide glass with  either  the  animal

or  vegetal  hemisphere  upward.  The  control

eggs  were  arranged  in the  same  way  and  sham-

lrradiated, UV-irradiation  was  done with  a

htgh  pressure  mercury  lamp (HV-2 type,  To-

shiba  Co.). The  irradiation time  was  20min

at 21cm  clistance from the lamp  (uncler the

energy  level of  22.5ergslmmElsec).  The  time

required  for the  compLetion  of  the second

maturation  diyision was  chosen  as a criterion

for the  velocity  of  cortical  reaction.  Eggs

were  fixed fer 24hr  in Smith's  fixative at 3,

6, 9, 15 and  2e min  after  insemination  or prick-

ing, Following  clehydration, eggs  were  mounted

into Tissue-mat, seetioned  at  12 "m  and  stained

"rith  Feulgen  reagent  and  light green.

   To  express  the  various  combinationg  of  ex-

perimental  proeedures,  the  following  abbrevia-

tions are  used  in this  paper:  CF, normally

inseminated eggs  ; UAF,  eggs  irradiated at the

animal  hemisphere  and  inseminated  ; UVF,  eggs

irradiated at  the  vegetal  hemisphere  and  in-

seminated;  OAP,  eggs  pricked at the animal

hemisphere;CVP.  eggs  pricked at  the vegetai

hemisphere  ; UAP,  eggs  irradlated and  prickecl

Eggs  after  ]rradiation 291

   at the animat  hemisphere ; UVP,  eggs  irradlated

   and  pricked at the vegetal  hemisphere,

                   Results

   Retardiation in cleavage  by  UV-irradiation

       The  first cLeavage  was  usually  completed

   between  120-140min  after  insemination  at  20 ±

   O,50C in the  centrol  eggs,  The  eggs  did not

   cleave  synchronously  even  in a batch from  the

   same  female, UV-irradiation  of  the eggs  at

   the animal  or  vegetal  half induced aremarkabLe

   retardation  at  the  beginning  ef  the  cleavage.

   The  time  required  from the first appearance  of

   the  cleavaging  egg  to completien  in all eggs

   was  also  prolonged  to about  twice  that of the

   contro!  eggs,  In the  control  eggs,  it required

   5-7 min  from  the  beginning  of cleavage  to com-

   pletion fer about  half of  the  eggs  in a batch,

   while  it took  10-12mln  in UAF  and  13-15 in

   UVF  (Fig. 1). Thus,  a retardation  of the

   cleavage  proeess was  evidenced  after  irradia-

   tion of the animai  er  yegetal  ha]f, the effect

   being more  pronounced  in the  latte[ case.  ]n

   about  80per  cent  or  more  of  the  UVF  eggs,

   the  first cleavage  furrow  appeared  crossing

   over  the  vegetal  hemisphere  without  rotation

to
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   Fig, 1. Retardation in cleavage  by UV-irradiation
CF : Eggs  inseminated norfnally.
UAF  : Eggs  inseminated  after  irradiation of anirnal  half.

UVF:  Eggs  inseminated  after  irradiation of vegetal  half,
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                                   '

                  F-ig. 2. 4-cellLstage eggs  .

A, control  B, vegetal  halves  were  irradiated before inseminatlcn.

  '
                                   '
(Fig. 2) and,'in  spite  of  the  abnormal  pattern
of  cleavage,  rnost  of these  eggs  could  continue

to
 
cleavage

 4nd develop  
further.

 

'

            '

Transmission of the activating  ･stimulatien. ,                                        '
    The  velocity  of  transmission  of  the  sti-  .

mulus  by  insemination  or  by  pricking  was  com-

pared  by measuring  the' phase  of  the  2nd                                     '
maturation  division in fixed eggs  at 3, 6, 9, 15      '
and  20min  after  either  cne  of  these  two  aetiva-

tion methods.  ,

   
'1)

 .The fertilized eggs  .'
                                          '
    The  progressien. of the 2nd maturation

aivision in eggsi  which  were  norrnally  insemi-

nated  after  UV-irradiation  of  the  animal  ha]f
                                           tt
(UAF) or  of  the  vegetal  hali (UVF) is shown.

{n Table 1, together  with  four kinds o.f the

parthenogenetic  eggs.  In the contrel  eggs,

while  about  half of  the  eggs  were  at  metaphase

ef  the  2nd  maturatiQn'  divislcn 3min  after  in-
                      '
semination,  7 out  of  17.eggs  had already  r'ea-                                           '
ched  the early  and  late anaphases.  At9min,

more  than  4alf ef t.he eggs  had reached  the'           tt
late anaphase  and  most  of.the  eggs  were  found

at  the  telophase  and  the  stage  of  polar bocly
formation  15 and  20min  after  insemination.                              '
UAF  eggs  progressed  similarly  to the  control

eggs,  but a  slight  retardation  was  found  until

15min. They  also  eventuaLIY  completed  the

2nd maturation  divisionat 20min  after.insemi-

nation.  On the  other  hand, in UYF  eggs,  t.he
   /progression

 was  severely  retarded  and  many  .

eggs  could  not  eomplete  their  2nd  maturation

division even  at  20min  after  insemintition.

       2) Eggs  activate.d  by pricking

      .As  seen  in Table 1, the velocity  of the

 
'
 2nd  maturation  division of  pricked  eggs  was

   always  faSter than  that of the inseMinated  eggs

   whether  the eggs  w'ere  prieked  at the anirnal

   er  the  vegetal  hemisphere and  whether  they

   were  irtadiated or  not.  
'

                            '      '
    . a)  Ncll irradiated eggs:  Up  to  6min  after

   pricking, mest  cf the CAP  eggs  reached  the                   tt
'.

 stage  of early  er  late anaphase  and  the forma-

   tion  of  the  2nd polar  bedy wa.s  cemplpted  in

   .all eggs  by  15min.  
.
 I,n.the CVP  eggs,  the  2nd'

 '
   maturation  divisian alsg  ,prcgressed faster as

   found in the CAP  eggs.  There was  no  difL
                          tt
  

･
 ference in the ve]ocity  between the two  kinds

. of  egg.s,  viz..those  pricked  at  the animal

  1hemisphere and  those  at  the  vegetal  one.  Ac-'
  
'
 cordingly,  it may  be said  that  the actiyating

   stimulatien  can  be transmitted  thrcugh  the

   cortex  of  the vegetal  hemisphere as  well  as

    thtough  the  cortex  of the  animal  hemisphere.

   
･
 . ･

 b) Irradiated eggs:  In both eggs  of which

    the aniinal  cr  vegetal  harves  were  pricked  after

. irradiation, the velecity  of  the 2nd maturatien

 
'
 division was  not  affected  bY irrad'iation. From
･ a  detailed comparison  among  these eggs,  it was

    found that the progression was  more  reduced

    in the  UVP  eggs  ghan in the UAP  eggs  (Table
    1). Even  in these  irradlated eggs,  however,

    the p'rogression occurred  iaster than  thqt of                          '
   .the control  eggs  (CF) and  it showed  that the

  . ethciency  of the activating  stimulation  
'was

  . greater  by pricking  than  by. insemination.
                                         '

'
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Table

Activation  of Frog

 1. Progressien of

Eggs  after  Irradlatien

the 2nd maturation  division
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 Time(min)  aftermsemlnatlon  erpricking

                PiseussiQn

   Kemp  and  Istock (1967} thoreughly  studied

the cortical  changes  in the eggs  of Rana  PiPiens
and  reported  that  the  activating  stimulation

caused  a  wave-like  break down  of  cortical

granules  during  1-1.5rnin after  prieking and

during  le-15min  after  insemination. Grey  et

al. (1974) have  found  in XenoP"s  eggs  that  the

disruptlon of  cortical  granules  began  at  3min

after  insemination  and  was  completed  during

the  9-10min after.  Thev  also  fQund a  mut-

tilayered  arrangement  ef  two  kinds of  granules
in the  cortex  of the  vegetal  hemisphere  and

some  of  these  granu]es  remained  intact in the

fertilized or  pricked eggs.  The  same  fact had

also  reported  by  Kotani et al, (1973),
   From  the  results  of  the  pTesent  experiment,

the  velocity  of  the  2nd maturatien  division after

insemination  or  pricking  seemed  to coincide

with  the  time  of the  propagatiDn  of the  cortica]

granules  disruption as  reported  by  these au-

thors,  As  seen  in Table 1, while  most  of the

eggs  entered  the anaphase  stage  of the 2nd
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maturatioR  divlsion at 9min  after  insemination

in CF  and  UAF,  most  of the CAP,  CVP,  UAP

and  UVP  eggs  had already  enterecl  the  telo-

phase  at the same  time  after  pricking, This

fact showed  that the  progression of the 2nd

maturatien  division advanced  faster in the

pricked eggs  than in the  inseminated  eggs  as  re-

ported by Katagiri <1959) and  Kemp  and  ]stock

(!967), ln eomparing  the ve]ocity  Df  the  2nd

maturation  division between  UAF  and  UVF,  it

may  be said  that UV-irradiation damaged  more

severely  the  cortex  of  the  vegetal  hemisphere

than that of  the anirnal  hemisphere and,  by

that,  the  propagation  of  the  actii,ating  stimula-

tion was  more  impeded in the  cortex  of the

xregetal  half. The difference in UV-ray  sensi-

tivity seemed  te be due  to the  difference in

constitutien  of the  cortex  of the  yegetal  hemi-

sphere  as  pointed out  by  Grey et  at.  (1974).
The  same  presumption  may  also  be derived

fTom  the  following fact: The cleavage  retar-

dation and  slow  progression  of  UAF  and  UVF

were  caused  by irradiatien damage  to the  cortex

and  such  damage  was  more  seyere  in eggs  in

which  vegetal  halves were  irradiated,

   It was  found that  the  pattern of cleavage

was  affected  by UV-irradiation before insemina-

tion in the UVF  eggs.  It ma}:  be estlmated

that the UV-rays obstructed  the  clisruption of

cortical  granules  on  the  vegetal  cortex,  there-

by the formation of the  perLvitetline sp3ce  was

suppressed  and  eggs  cou]d  not  rotate.  Recent]y,

Wolf (1974) reported  in detail on  the cortical

granules  substance,  but a difference in granules

between  the  animal  apd  vegetal  cortices  was

not  mentiened,  To  understand  the  mechanism

of propagation  ef the  activatLng  stimuLus,  the

protoplasmic  constituents  on  tbe  overaH  cortex

SAMBU]CHI

of  the  egg  and  the  difference between  the

animal  and  vegetal  eortices  remains  to be

studied,
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