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ABSTRACT  Through  the  fertilization course,  no  difference was  found among  the  behaviers
of  three  kinds of  sperm:  control,  UV-irradiated  and  toluidine blue-treated sperm.  At  60min
after  insemination, the  sperm  pronucleus  had already  fused with  the  egg  pronucleus  in alL

cases.  But, two  kinds of inactivated sperm  pronuclei could  not  form a syngamy  with  the

egg  pronucleus. Cencerning morphelogical  characters,  there  was  a difference between  the

contror  sperm  and  the UV-irradiated  sperm,  The sectional  phase  of  the  latter had  a  ragged

network  of  chromatin  compared  with  the  coarse  network  of the  former, A  Temarkable

difference was  also  iouncl between  the  toluldine blue-treated sperm  and  the  centrol  sperrn  :

the  toluidine  blue treated  sperm  could  not  change  into the  pronucLeus  and  kept an  intact
ferm of  spermatozoon  from  its invasion into the egg  to the metaphase  ef  the first cleavage.
It was  concluded  that, although  the  migratory  capacity  of the  sperm  was  not  affected,  the

morphological  charaeters  were  infiuenced by  inactiyation. (Zool. Mag,  89.' 302-307,  I980)

    In amphibians,  gypogenetic  hapleid embryos

are  obtained  readily  from eggs  which  were

inseminated with  genetica"y  inactivated sperm.

For the  inactivatien of sperm,  several  kinds ef

radiation  ancl  chemicals  are  used.  Rugh  (1939)
used  irradiatlon of sperm  by  X-rays  to obtain

haploid embryos  in the frog, Rana  PiPiens,
Pogany  (1971) studied  in detail, the  develop-

ment  of  eggs  inseminated  with  UV-irradiated
sperm  with  particular attention  to the  role  of

irradiated sperm  in the development of  eggs.

On  the  other  hand,  Briggs  (1952) obtained

gynogenetic  haploid embryos  from  the  egg$  ef

Rana  PiPiens by the  insemination  of sperm

treated  with  toluidine  blue, and  cLarified the

mechanism  by whlch  the  DNA  of sperm  nucletts

was  denatured  by  this  chemicaL  Nishioka  and

Kondo  (1978) reported  a  method  for the  pro-

duction of gynegenetie haplolds by making  use

of  toluidine  blue in RanajaPonica  eggs.  Pamera302

et  at.  t1975) examined  the  functionai sterility

of sperm  of  XetzoPus taetiis by  treatment  with

ethylenurea.

   Altheugh  it ls vvell  knosvn  that  an  inactiva-

ted  sperrn  can  activate  the  egg  but does  not

participate in the  formation of  syngamy,  the

fate of  the lnactiyated sperm  in the  egg  remains

equivocal,  as  pomted  outby  Pogany  (1971) and

Pamera et  ai,  (1975). The  purpose  of  the

present  experiment  is to clarlfy  the morphology

and  behavier of the inactivated sperm  through

the ceurse  of fertMzation.

          }Iaterials and  Methods

   The  eggs  and  sperm  of the  frog, Rana

nigrotnacuiata  HalLowe]1, were  used  in the

present experiment.  Mature  frogs were  coL-

]ected  during  the  breeding  season  and  reared

at 100C until use.  The  eggs  were  obtained

after  inducing  artificial ovuLation  by the  hypo-
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dermic  implantation  of  frog pituitaries.  The

inseminated  eggs  jn the  control  and  experi-

mental  groups  were  kept in temperature-

regulated  water  (20± O.50C).

   To  inactivate the sperm,  UV-irradiation

and  totuidine  blue treatment  were  used.  In this

experiment,  the intensity of  treatment  was

chosen  in expectation  of complete  and  incorn-

plete inactivation of sperm  in each  case.  There-

fore, the dose  app]ied  had  an  intensity whereby

about  haLf of the eggs  developed  into haploid

embryos,  A  sperm  suspension  was  made  by

maceratinga  piece  of testis in 2mm3  of  tap

water.  The  testicurar  debris was  removed.

The  depth of the  sperm  suspension  was  kept

within  1 mm  to insure irradiation of the  sperm,

The  suspensien  was  exposed  to  UV-rays  from

a high  pressure mercury  iamp  (HU-2 type,

Toshiba Electric Co.) for 60 sec  at  a distance

of 17cm  from the ]amp.  The  energy  leve! was

33,9erglmm2/sec at  the  surface  of  the  suspen-

sion.  For treatment  with  toluidine  blue, a  piece

of  testis was  macerated  in 2mm3  of  a  O.OOOI%

solution  of  the  chemlcal,  and  the  suspension

was  left for !5min  at  room  temperature,  Im-

mediateiy  after  treatment,  these  suspensiens

were  poured  oyer  each  batch of  eggs.

    For eytological  examination,  eggs  were

fixed at 20, 40, 60, and  80 min  after  lnsemina-

tion  for 24hr  in Sinith's fixatiye. Following

dehydration,  eggs  mounted  in Tissue-mat were

             Table 1. Developrnent of  eggs  
'

Behayior of

mseminated

Kinds  of  sperm

Dosage No.  ofeggs

 the Sperm  Pronucleus 303

sectioned  at  12 ptm and  stained  by  the  Feulgen
reaction  and  light green.  As morphological

discrimination  between  diplojd and  haploid em-

bryos is reliable, the p!oidy  of  3-day embryos

was  determined from their  external  appeafances

(cf, Sambuiehi, 1964),

                 ReBults

Deyelopment

   To  verlfy  genetic inactivation of  the  sperm,

the  rates  of normal  cleft  eggs  and  haploid

embryos  at  3 days  after  insemination  (stage IS,
Shumway,  1940) were  examined  in the co]trel

eggs  and  two  sets  ef expeTimental$,  As  shown

in Tab]e  1, mest  of  the  eggs  inseminated  with

the  normal  sperm  cleft  normally  ancl cleveloped
into normal  dipleid embryos  with  a  few abnor-

mal  diploid aRd  haploid embryos.  A]tltough the

cause  of  these  abnormat  embTyos  is unknewn,

this occurreRce  ls usually  found in the develop-
rnent  of artifieially inseminated eggs.  In the

experimental  groups,  a  decrease in the  rate  of

normal  cleft eggs  was  found, and  the  decrease

was  greater in the  to)uidine blue treatment

than  in UV-irradiation. Several morphological

abnorma]ities  appeared  in the devetopment  of

the  haploid eggs,  and  their  appearance  seems

to be due  to the  haploid number  of  chromo-

somes  and  to the  causes  described at  the haploid

per se.  From  the cornparison  Df the  rates  of

mormally  c]eft  eggs  and  ef haploid embryos,

      with  three  kinds of  sperm.

           .... .t ..

Normally
cleft  eggs

3 day-embryes'

Intensity Time Diploid

Normal sperm

UV-irradiated  33.9ergifmm!sec

Toluidine
  blue-treatedo.

 oooi%

60 sec

15 min

 
'was

       875
   918
         <95. 3%>

   106 95(88.8%)

   122 95(77.9%).

discriminated by its

 
...

 
...:845

 l
    l tt

 (98.2%)

 l6
  tt

 (25. 2%)
    i

  81

 (18. 3%) tttt

 A"b'.diploid

  15

   8

  IO

･ -H-a.?. .i.gig'lh ,",?61 ti. 
,

    7 3
       '  ttt tttt         ttttttt ttttt tt t

     (Ll%)

   42 14
           '              '

    (5S.9%)

   38 21
t -tttt       .. ... ...

    (6Z.1%)
'
 The  ploidy of  3day-embryos

Unknown

    1

   12

   IO

external  appearance.
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Fig. 1. Three  kinds ef

    A2,  B2, C2:  x2100.

    pronueleus. Cl C2:

the  spe!m  nu'alei  
-at.

 40 min  af'ter  
'insemination

 Al,  A.2: Normal  ,sperm  pronucleus.  Bl, B2:

 Toluidineiblue  treated sperm  pronucleus.

. Al, Bl, Cl: × 360.

 UV-irradiated  sperm

-the 
'chemical

 treatment  affected  the sperm  more           '
severely  than  UV  irradiation at  the ldoses used

in this  e4.periment.  
'

Behayior of  the  sperm  in the  egg

a) Normal  sperm

    The  behavior of  the sperm  in the egg  after

its invasiQn  of  the  cortex'was  observed.  At
         '
20min  after  insernination, the sperm  was                                      '
located in the small  pigmentless  qre4 beneaSh.
the pigmen'ted  cortex.  As  shown  in. ,Fig.'1
(Al and  A2),  at 40 Tfiin  afteti insemination, the

Sperm  had already  trahs'formed  intio the  pronu-

eleus  and  moved  to  the  early  part of  .the copula-

tion path. While  the sperm  pronucleus  was
                                          '
moving  along  t'his course,  the egg  pronucleus                                        '               '
was  also  going  down  from the egg  cortex  to

the'fusion  site.'of  

'both
 pronuclei.  At  60min'

after  inserninaeion, the  pronuclei'  of  both  the-

sperm  and  the  egg  had  already  been  
'fus6d

 In

 many  cases'  and  20min  thereafter.' a meta-

 phase  figure of  the  ,first cleavage  was  ebserved

 (Fig.'3, A).

 .b)' Irradiated Sperm  
'
 

･,
 

''
 

''

     The  sperm  irradiated with  UV-rays  showed                    '
 about  the same  behaviQr  in the  fertilization      '
 course  as  the normal･  sperm.  At  40min  after

 insqmination, they  also  moved  to the  early  part

 of the copvla.tion'  path,(Fig.  1, Bl and  B2).

 As. seen  in the  control  eggs,  the  ngclei  of  both

 the  egg  and  the  sperm  were  in close  contact

 at  60min  after  insemination  as  shewn  in Fig.

 2 (Bl and'  B2):  When  the egg  reactied  the

-nietaphase
 $tage  of, the. first- gleavage at  about

 80.min after  insemination, the  pronucleus  of'the

 irradiated sperm  was,  left as  a  chromatin  Inass
 apart  from  the,metaphase  plate (Fig. 3, 'B2).

 c)  Sper!n  treated  with  toluidine  blue

    There  was.no  differerice found  in the behav.

'
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305.

''2. The  pronuclei of egg  and  sperm  at 60 mm  aftelr  
'insemmation.

 Al, Bl, Cl:  x450.

A2,  B2, C2: × 2400. Al,  A2:Normal  egg  pronucleus  and  normal  sperm  pronucleus.  
Bl,

B2 : Norm'al egg'  prenucleuS  and  UV-irradiatgd  sperm  pronucleus.  Cl, C2 : Normal  
egg'pro-

nucleus  and  toluidine-blue  tr-eated  sperm  prQnucleus.  
'

 Fig. 3. The  metaphases  of  the first cleavage  at  80 min  after  insemination.  A, B, C:

     × 2400.''A; The  metaphase  of  the  confrol  egg.  B:  Female  chrornosomes  at the metaphase

     (arrow 1) and-UV-irradiated'male  pronucleus  as  an  outsider  (arrow 2). 
'C:

 Female  chro-

    mosomes  at  the  metaphase  (arrow 1) and  sperm  as  swolien  head  (arrovy 2). 
-

 'lor'of

 pronuclei  among  the normal,  UV-irra-  along  the.eopulation  pat.h, it couLd  not  trans-

diated and  the chemically.treated  spermatozoa.  form  into the proriucleus  during  these  stages.

In Figs. 1 and  2, Cl atid  C2 show  the toluidine  At-a subsequent  stage,  the .sperm .dame inte

bltie-treated spgrm  at 40 and  60min  after  in- close  contactwith  theegg  pronucleus  
but

 
kept

･semination. Though'the  sperm  moved  normally  its intact sperm  form  and  could  not  participate

  /
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 in the formation  of a  syngamy.  Eventually  it

 was  left out  of the cleavage  process  in the

 vicinity  of  the  metaphase  plate  as  shown  ifi

 Fig. 3, C  <arrew 2), These observatiQns  
show

 there was  no  difference in the  behavior  ef

 these  three  kEnds of  sperm  along  the fertiliza-
tlon course.

MorpholQgica] characters  of  the sperm

    pronucleus

a)  Normal  sperm

    The  morphological  change  from  the  sperm

ro the  sperm  pronucleus  usually  took place  in
the  early  part  of the entrance  path  about  30･-
40min  after  insemination  (Fig, 1, A2). The
sperm  prenucleus  was  seen  as  a globular ferm
a]d  its inner structure  appeared  as a  coarse

network  of  chromatin  threads  in a  section.

When  the  sp:rm  pronucleus  came  into close

contact  with  the  egg  pronucleus, such  character

of  each  pronucleus  were  seen  more  clearly

CFig. 2, A2). Of  the two  pronuclei, the  sperm

pronucleus  might  be aseertalned  by  its moving

trace  from the  cortex.

b) Irradiated sperm

    In the  ease  Df UV-irradiated sperm,  the

sperm  ehanged  inLo a pronucLeus  at the  early

part of the  entrance  path as  the  norrnal  sperm

did (Fig. 1, Bl  and  B2>. When  both the  pro]u-
clei  were  bToughtinto  close  contact  with  each

other  at 60min  after  insemination, the mor-

phologicaL difference between the normal  and

UV-irradiated  sperm  pronuclei  became  clearer

as  shown  in Fig, 2 (cf. A2  ancl  B2). While  a

coarse  network  of chromatin  was  seen  in the
normal  sperm  pronucleus  (A2), the pronucieus
of  the  irradiated sp:rm  showed  a  disorderly
chromatin  netwerk  CB2). Further in the  pro-
cess  of fertiLization, the sperm  pronucleus  was

left alone  as an  irregular mass  of chromatins

near
 the metaphase  plate  (Fig. 3, B, arrow  2.).

c)  Sperm treated  with  toluidine  blue

   While the  morphological  characters  of  the

pronuclei of  the  normal  and  the  UV-irradiated
sperm  were  about  the same,  the  morphology  of

the  toluidine blue treated sperm  was  quite dif-
ferent from either  of them  through  all  proces-

SAMBUCHI

 ses  of  the  fertilization course.  The  sperm  was

 also  found  beneath  the pigmented  cortex  of  the

 egg  and  its shape  was  the  same  as  that of  the

 normai  sperm  at  20 min  after  insemlnation. At

 40min  after  insemination, the sperm  moyed

 normatly  along  the  copulation  path,  butit could

 
not

 change  into pronucleus  as  shown  in Fig, 1

 (Cl and  C2) , keeping  its intact form  throughout

 
the

 subsequent  stages.  Although the sperm

was
 ifi close  contact  with  the egg  pronucleus

at
 
60min

 after  insemination, they  could  not

form  a syngamy.  At  this stage,  the  intact
sperrn

 was  wrapped  in a  membrane-]ike  struc-

ture
 in  some  cases  CFig. 2, C2). In all  cases,

the sperm  finally was  left apart  from  the
metaphase  plate of  the first cleavage  as  an

intact  but slightlyswolLen  form  (Fig. 3, arrew
1), In this  experiment.  all cases  showed  either
an

 intaet  sperrn  or anormal  pronucleus.  There
was  no  intermediate  form.

                Discussion

    Concerning the  equivocar  fate of the sperm

in the  gynogenetic  eggs.  the  results  obtained

in the  present experiment  showed  that the
treated  sperm  activated  the egg  and  moyed

normally  alang  the  fertilization course  in spite

of the  morphological  change  induced by the

treatment. From  the  fact that the  behav[or of
the genetiea}ly inactivated spefm  was  normal

in  the cases  of UV･irradiation and  toluidine  blue
treatment,  it may  be said  that  the dosage  ap-

plied in the  present experiment  damaged  enly

the  nuclear  part of  the  sperm  and  that  the
cytological  changes  in the  pronucleus  may  in-
dicate the  denaturation of its DNA.  Pogany
(1971) noted  the  role  of  protamines  in sperm

inactivated
 by UV-rays, and  tater (1976) he

reported
 that  a  large dose  of UV-rays resulted

in a  variety  of  a]teratiens  in the  DNA  of inac-
tivated

 sperm,  i,e, the  dimerization  of  thymine
bases and  strand  denaturation of DNA.

   Recently Kawahara  (1978) follnd in the

eggs  of XenoPus the coagulation  ef  nucleoplasm

that had occurred  in the  prenucJeus  of UV-
irradiated

 sperm,  The  degree  of  morphological
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change  in the  sperm  pronucleus  may  depend

on  the  dose  applied,  and  moderate  change,  i.e,

a  disordered network  of chromatin  in the

present exptriment,  seemed  to result  from the

law  dose. Although  there  is no  data concern-

ing the relation  between  the morphologicat

change  and  the denaturation of  DNA  in the

treated  sperm,  it may  be said  that  the  dena-

turation  of  DNA  in the  treated  sperm  Tesulted

in morphologicaL  change  of  the  pronucleus, and

it was  also  a cause  for its inabitity to  form a

syngamy  "Fith  the egg  pronucteus,

    It is ef  interest that  while  the  moying

capacity  of the sperm  treated  with  toluidine

blue was  normal  as  in the  control  and  UV-

irradiated sperm,  it could  not  ehange  inte a

pronucleus.  It is well  known  that mature  cyto-

plasm  is an  essential  factor for the transforma-

tion  of sperm  into pronucleus  in the  eggs  of

sea  urchins,  amphibians  and  mammals  CHira-

moto,  1962; Moriya and  Katagiri, 1976; Usui

and  Yanagimachi,  1976). In the  present ex-

periment,  as  the mature  egg  iurnished the

cytoplasmic  factor fer the  transformation  of

the sperm  inactivated by tDluidine  blue, it was

ctear  that  the  inability of  transfermation  might

be due only  to the damaged  DNA  of the sperm.

Briggs (1952) studied  the  mechanism  of  inacti-

vation  of  sperm  and  the  results  showed  that

the sp2rm  DNA  was  bound  to the dye, toluidine

blue, and  that  there  were  very  few  binding

sites  among  DNA  melecuies.  On other  chemical

sterilants,  such  as acriflavlne,  it was  suggested

 that the  intercalation of  pigment  mo!ecuies

induced  DNA  denaturation  (Peacecke, 1975),

 However, what  causes  the  distuTbance of  syn-

 gamy  formation  and  what  relation  there  is

 betsveen merpholog}eal  change  and  DNA  dena-

 turation remains  to be studied.
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