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Prostaglandins Do  not  Release Egg-Laying

                 in the Silkmoth, Bombyx  mori

Behaviour
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          Agn'culture and  lechnoioev, Fuchu, fokyo 183, Japan

ABSTRACT-A  re-evaluation  of the roLe ot prostaglandins (PGs) in releasing  egg-laying  behaviour in the

silkmoth,  Bombyx, was  performed, The resu]ts revealed  that PGs  do net  play a  crucial role  as  oviposition

behaviour stimulants.  Injection of prostaglandin E, <PGE,) had no  effect on  egg-laying  behaviour ot virgin

females. The  ovipo$ition  behaviour ot  females which  were  iRj ected  with  PG  biosynthesis inhib[tors such  as

imdomethacin, quinacrine and  NDGA  was  not interrupted or suppressed,  Sterilized males  of Bombyx  can  be
induced by heat treatment (32"C> for 72 hr during the wanderjng  stage.  The rate of oviposition  of female

moths  mated  with  sterilized mates  was  suppressed  at a great deal, compafed  to the control group, in the

ensuing  mating  peFiod of 24 hr, PGE2 iniect]on into the females mated  wlth  the sterMzed  males  had no  effect

on  the restoration  oi oviposition  behaviour, There were  no  significant  difference in the PGE,  content  in the
testes of normal  and  sterMzed  males.  After mating,  the amount  of PGE2  Lncreased with  age  in the bur$a
copulatrix of females which  had mated  with either normal  or sterilized males.  These  results  indicate that PGs

do not seem  to be directly involved in the egg-laying  behaviour of Bomb}or,

INTRODUCTION

   Polyunsaturated fatty acids, and  in particular arachidonic

acid, are the precursors of a group of extremely  potent
oxygenated  compounds  known  as  eicosanoids  (Coreys et ai,,

1981). These  compounds  have profound metabolic  effects on

biological processes in vertebrates,  including blood tlow,
aggregation  of blood platelets, tissue reaction  to stimulants,

host defence  mechanisms,  stimulation  of smooth  muscle

contraction,  and  antibody  production Ln ve  rtebrates {Morris,
1991).

   Eicosanoids are also  biologically important in Lnve rtebrate
animals  (Stan)ey-Samuetson, 1987, 1993, 1994a, b>,
Eicosanoids  have  been  detected in many  insect species

<Brady, 1983; Staniey-Samueison and  Loher, 1986). In regard

to insect reproduction  in particular, the only  role of eicosanoids

that has been articulated  so  far is the release  ot egg-laying

behavlourin two  crickets  (Acheta domesticusi Destephano  et

aL, 1974; Tefeogrytius comrnodus/  Loher, 1979: Loher etaL,

1981; Stanley-Samuelson and  Loher, 1986) and  the silkmoth,

Boinbyw mori  CYamaja-Setty and  Ramaiah, 1980),

   Yamaja-Setty and  Ramaiah (1980) demonstrated that

prostaglandins (PGs) may  release  egg"aying  behaviour in
females ot the sllkmoth,  Bombyx  mori, by injections ef PGs

and  PG  biesynthesis  inhibitors. They  suggested  that

prostaglandin E2 (PGE2) is more  effective than other  PGs in

stimuiating  oviposition,  and  they speculated  that PGs  are

'
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transferred from males  to females, resulting  in increased
ovipositien  behaviour (Yamaja-Setty and  Ramaiah,  1 980),
Since their work,  there has been  no  [nformation about  the

involvement of PGs  In egg-Iaying  behaviour in the siikmoth,
Bombyx  rnori, and  there has also  been no  documentation to
support  the hypothesis proposed by Yamaja-Setty and
Ramaiah (1980).
   The mechanism  that contrels  the shift from virgin  to mated

behaviour in the Bombyx  female is not  known,  aithough

various  pest-copulatory events  are  affected  by substances
derived from male  reproductive  organs  (Yamaoka and  Hirao,

1977; Yamaja-Setty and  Ramaiah,  1gSO: Osanai et  al,, 1987,

1 990; Fugo  and  Arisawa, 1992). In female Bornby)c moths  th at

mated  with  normal  males,  about  90%  of the eggs  that had
developed during the pupal stage  are deposited during a night
following the mating,  However, in the case  of female moths
that had mated  with  steriljzed male  moths,  these female moths

dlsplay very  little ovipositlon  behaviour, simHar  to that ot the

virgin  females (Fugo and  Arisawa, 1992).

   In order  to examine  the possibility that one  of the

oviposition stimulating  substances  is PGE2, we  quantified the
PGE2  contents  in testes and  found that the level of PGE,  was

Iow in the testes of sterilized male  moths.  This led us to

determine whether  the failure to release  oviposition behavlour
in females copulated  with sterilized males  is due to a  deficiency
ot PGs in the testes of these mane  insects. )n the present paper,
we  demonstrate that PGs  do not  release  egg-laying  behaviour

in the silkmoth,  Bombyx  mori,
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MATERtALS  AND  METHODS

lnsects

   The Dajzo race  ot the silkmoth,  Bombyx  mori,  was  used

throughout  these  experiments,  because this race  has a high
percentage of Fnc]dence of maie  sterility by heat treatment during the

wanderlng  stage as compared  with  the other  races  of Bombyoc (SugaF
and  Takahashi, 1981: Fugo, unpub]ished  data). Larvae were  reared

with  mulberry leaves twice a day jn a  rearing  roem  al 25 ± 2=C under

a 16 hr light/ 8 hr dark "6L-8D) photoperiod, Larvae were  staged  on

the day ot 4th ecdysis,  and  the day  was  designed as Day O of the 5th
instar.

Table 1. Effect of the injection ot prosiaglandln E2 on  the

   egg  lay]ng behaviour of the silkmoth,  Bombyx  mori

Experiment')

Female x Male N

No. of  eggs

 laid124 hr

(Mean ± SD)

Heattreatmentandcopelation

   Male larvae atthe  anset  ef wandering  (Day 7 in the 5th instar)
were  maintalned  ln an  lncubator at 32'C  wLth  high humidity ior 72 hr.

After treatment, the animals  were  transferred back to the rearing

condjtjons.  Females were  reared  and  kept at 25 ± 20C througheut the
experimental  procedure. The phetoperiod during the pupal-adult
development  was  16L-8D. Adult eclosjon occurs within  1,5 hr afte;
Iights-on at  9 to 1O days atter pupation (Fugo et aL, 1984). Moths
eclosed  w[thln  2 hr after  lights-on were  used,  Animals  were  a-owed

to copuiate for 2 hr, Egg-laying condition$  were  counted  on  a da[ly
basis,

Normal  x  Normal

Norma] x DMSO
DMSO  x Normal
Normal  x PGE2

PGE2 x Normal
Nermal x Heattreated2i'
Normal  x  PGE2  HeattreatedP}
DMSO  / Virgin
PGE, Virgin

1078781010109381,3 ± iO.8
344,4 ± 59,4
329,5 ± 37.1
358,4 ± 45,1

315,1 ± 45,4
 26.5 ± 9.73)
 24.6 ± 10,83)
 26.9 ± 9.43)

 31,3 ± 17.73,

lru'ection ofPG  biosynthesis inhibitors

   We  used  three dfierent inhibitors which  affect  the biosynthesis
of PGs  in vertebrates/  quinacrioe, phospholipase A2 inhibVtor;
nordihydroguaiaretic  acid {NDGA), !ipDxygenase inhibitor: and

indomethac]n, cyc[oxygenase  inhibFtor (see Stanley-Samuelson,
1994a,  b). Qulnacrine was  dissolved in distilled wateF.  NDGA  and

indomethacinweredissolvedindimethylsulfexjde(DMSO)anddiluted
with  distilled water  to give the final concentration  of  5%  DMSO,  The

inhibitors and  PGE2  were  purchased  trom Sigma Chemicals.

ExtractionanddeterminationofPGEb

   Reproduetiveorgans(testesandbursacopulatrjx)weredissected
out in a cold $aline solution  (O.8% NaC[) and  were  immediately frozen

et -80"C, Extraction procedure fer PGE?  was  according  te Kubo and

Komatsu (1 9e6}. Testes or  bursa copulatrix  were  homoginized  with

809'e aqueous  ethanol. Atter centrltugation  (7,OOO x g, 15 min  4UC),

the resjdue  was  reextracted  wi!h  80%  ethanol. The cofiibined

supernatants  were  evaporated  in vaccuo.  The residvewas  partitioned
between 5 mi ot petroleum ether  (b,p. 35-60'C) and  5 ml  of e.2%

petassiumphesphalebuffer(pH7,O),Theaqueousiayerwasapplied
to a  Sep-Pak Cis cartridge  (Waters, MLIford, USA). After vvashing  the
cartridge with 5 ml of vvater  and  2 ml  of 20%  aq  ueous  methanol,  the

PGs were  eluted with 2 ml of 80%  aqueous  methanol,  The PG  fraction
was  evaporated  into drymess and  stored  at -80"C unti1 use. Theamount
ofPGE?wasdeterrninedbyanenzyme-immunoassay(EIA).ThePGE2

EIA kit was  purchased from Cayman Chemical (USA), The buffer
preparation and  determination procedures were  tollowed by protocol
provided with  the kit, The  amounts  of PGE2 in the testes and  bursa
copulatrix  were  determined by absorbance  at 415 nm  using  an  E[A
PIate Reader {Corona Elect, Japan, MTP22).

RESULTS

Ehect of PGE>  injection on  egg-laying  beha w'our

   We  iirst tried to confirm  the possibiljty ot the involvement

of PGs  in egg-)aying  behavjour, ln normal  females that were
mated  with  normal  males,  about  90-95% ot the eggs  that

developed in their ovarioles  were  deposited withjn a 24 hr
atter mating  (Tab[e 1), On the other  hand, virgin  females or

fernales that were  mated  wlth  sterilized males  deposited only

',
 Prostaglandin E2 {1O pg/moth120 pl ot 5e4, DMSO)  or  DMSO{20

 yl 5%  DMSO/moth) was  injected into maFe  or  female  moths  2-3

 hr afteF eclosien, Subsequently, these  moths  copulated  for2 hr,

 After matjng,  female  moths  were  kept in a  rear]ng  room  (25 ±
 20C, 16L-8D).
2)
 A heat treatment {32SC, for 72 hr) was  done  at the wandering

 stage  jn males,  and  these animals  were  transterred back to a

 rearing  roem  {25 ± 2CC, 16L-8D) until their adu[t eclosion,
3'
 All of the eggs  were  unfertilized,

abeut  27-31 eggs  (Table D. DMSO  (20 ul of 5%  DMSOfmoth)
had no  effect on  the oviposition  and  the number  of eggs  iaid
when  jt was  injected into either male  o; temale moths,

   PG  E2 injection also  had no  inflvence upon  the oviposition,

Virgin females received  DMSO  or 1O pg of PGE2  ovipos[ted

about  1/1 O of  the eggs  in the control grDup and  PGE2 injection
did not  stLmulate  egg-Iaying  behaviour. When  the females
mated  with the ster-zed  males  which  were  obtained  by high
temperaluretreatmentduringthewanderingstage,egg-laying

actMty  was  very  low, almost  sim[Iar to that of virgin females.
In this case,  acceleration  of egg-laying  was  not also  obse  rved,

even  if PGE2  was  injected inte the sterilized males  (Table 1>,

ln these experiments,  we  could  not  confirm  any  possible
involvement of PGE: on  egg-laying  behaviour in Borribyx.

Ehect of PG  biosynthesis inhibitofs on  egg-laying  beha viour

    PG  biosynthesis inhjbitors such  as  indomethacin  and

aspirin are  potent enough  to interfere with or inhibit egg-laying

behaviouF in Bombyx <Yamaia-Setty and  Ramaiah,  i980). As

mentioned  above,  we  could  not find any  stimulatory  activjty of

PGE2  on  the oviposition  in Bomb)Lx, Theretore, we  next

investigated the effects ot the PG  bjosynthesis inhjbitors on

male  and  female animals  to determine whether  the inhibitors

are potent to suppress  egg-laying  behaviour.

   VarLousdo$esofindomethacinorquinacrinewereinjected

into newly  eclosed  male  moths,  About 3 hr after injection these

males  were  ailowed  to copulate  with  normal  fema}es for2 hr,
After matjng,  temale moths  were  kept in a rearing  room  so  as

to deposit eggs.  A$  shown  in Fig, 1 , PG biosynthesis lnhibitors

did not intertere with  oviposition  at any  dosage examined,

   Next, the same  injection experiment  was  carried  out  in
female moths,  The numbers  of  eggs  laid by drug-injected
female moths  were  counted.  The results are  shown  in Fig. 2,

NII-Electronic  



The Zoological Society of Japan

NII-Electronic Library Service

TheZoologicalSociety  ofJapan

PGE2  and  Egg-Laying Behaviour  in Bombyx 137

F)g.

=6

 4ooE>.=

 3eevcuxv-di

 200'maa

 iooo-o6oz

5tsDMSOSNDOMETHACINOUINACRFNE

I. '. L:tt. '.. '.. ,.
. .
. ., ., -, ., ''., ,, .' .' ., ., ,' ..-, ,, ,
- ,- '- '- '- 'tt- ,' ,' ,' ,' -

s Is ?o s Lo 2e

Dose  (Nglmoth)

1. Effect of the iniection of prostag[and)n biosynthesis inhibitors
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injections were  performed in rnale pharate adults  {data not
shown),

PGEb  levet in the testes of norsnar  and  heat-tTeated insects

   PGE2  levels in the testes of nermai  and  heat-treated
anima)s  were  measured  daily ffom the beginning of finalinstar
to 1 day before eclosion  (Fig, 3). 1n the control animals  which

were  reared  at 250C throughout their iarval development, the
amount  of PGE2  immediately aiter 4th ecdysis  was  1 ,2 ± O.4

nglpair  testes. PGE2  levels increased trom the day of the 4 th

ecdysis  and  attained  2.6 ±･ O,4 ng  of PGE2 on  Day 2 of the last
instar. The amount  of PGE2  then decreased gradually along

Table 2, Etfect of  the application  ot  prostaglandin
   biosynthesis inhibitors on the egg-laying behaviour ot

   Bombyx

lnhibitor"} N
No. of eggs2)

 ]aid124 hr

(Mean ± SD}

Centrol (5% DMSO)

lndomethacin

    5yg

    10 yg
    2o ug

Quinacrine

    5pg

    loug

    20  yg

8

669

686

284,4 ± 33.4

282.3 ± 34.2
295.3  ± 44.3

305.3 ± 34.0

263.8 ± 90.6
312,9 ± 75.4
250.5  ± 87.4

5 te 2o s Io 2e s Fo 2o

Dose{Jig/moth)

Fig. 2. Effect of the injection of prostag]andin biosynthesi$ inhibitors

   on  egg-Iaying  behaviour ofthe  silkmoth,  Bombyx  mon'.  Female

   moths  received  various  doses of  the test compounds  2 to 3 hr

   atter eclosion. Attervvards, they mated  with normai  maee  moths

   for 2 hr, Each datum point repre$ent$  mean  ± SD  (n=8 to iO),

ii
 Two  days  before eclosion, varjous  doses of  prostaglandln
 b]osynthesis inhibitors were  injected into temale pharate adults,
2i
 After ecloslon, female moths  copulated vvith normal  male  meths

 for 2 hr. After mating,  female  meths  were  allowed  to oviposit

 their eggs  ento  an  egg  card  in a rearing  room  (25 ± 20C, 16L-

 8D).

Conttol animals  that received  20 pl ot 5%  DMSO  deposited
about  330 eggs.  These  numbers  of eggs  are  normal  for the

Da[zo race  and  therefore DMSO  did not  attect  oviposition,

Any tested inhibitors did not  suppress  the egg-Iaylng  behaviour
in Bombyx (Fig. 2),

    ln the former experiments,  we  used  newly  eclosed  moths,

The  drug-injected insects were  mated  with  male  or femaLe

moths  several  hows  after  treatment lt was  possible that the

injected drugs did not  act  pharmacologicaliy upon  the severai

enzymatic  steps  of the PG  blosynthetic cascade,  To eliminate

the possib"ity that the animals  needed  to be exposed  for Ionger

period$ to the inhibitors, we  used  pharate adults,  Two  days
before eclosion,  female pharate adults  received  5 to 20  yg of

inhibitors, After eclosion,  the treated moths  were  allowed  to

copulate  wjth  normal  males  tor 2 hr, lndomethacin and

quinacrine neither  interfered with  eclosjon  and  eviposltion

behaviours (Table 2), nor  suppressed  the mating  behaviour
of maies  and  females' reproductive  behaviour when  the same
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{-]-] and  heat-treated insects (32'C for 72 hr during the
wandering  stage, -S-), Each  datum point represents  mean  ±

SD  {n=6).
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with tarval growth, Second peak of PGE2 levels was  observed

on  Day  8 (day-1 spinning  stage). Atter pupation, the levels of

PGE2  decreased  with  fluctuations as  the pupai-adult
devejopmentproceeded.

   The  tevel of  PGE2  in testes of the heat-treated animals

was  little bit lower than that of  the centrol  group, though the
fFuctuation ot PGE2 levels recorded  in control animals  was  not

so  clearly observed  <Fig. 3). One  day before eclosion,the
amount  of PGE2 in both testes oi control  and  heat-treated
animals  was  the same  (Fig, 3).

PGE.o level in bursa copulatrix

   Female moths  copulated  with norma]  males  or steriBzed

malesfor2hr.Aftermating,thebursacopulatrixwasdissected

to determine the amount  of PGE2, Female meths  initiated to

oviposit  eggs  approximateiy  6 to 7 hr after  mating  when

temales mated  with normal  males,  ln bu rsa copulatrix just after

eclos[on  the PGE2  level was  negligib]e  (less than e,1 ng:

unpublished  data). Immediately after mating,  the amount  of

PGE2  elevated  to abDut  1.6 ng  ]n the bursa copulatrix  of

females which  had mated  with either normal  or ster"ized males.

In control animals, PGE!  levels gradualiy increased by 3 hr
after mating  and  decreased dramatical]y at 5 hF after mating

{Fig. 4). Afterwards, PGE2  Ievels increased again  wjth age,

PGE? levels in the bursa copulatrix of females which  had mated
withthesterilizedmalesfluctuatedw]tht[meperiodaftermating

but the f[uctuation was  roughly  similar to that of the control

group (Fig. 4), It can  be concluded  that PGE2  seems  unlikely

to be potent enough  to elicit egg-laying  behaviour ln the

silkmoth,  Bombyr  mori, despite the iact that itis present in
testes and  bursa copulatrix (Figs. 3 and  4),

DISCUSSION

   The  physiological roles of PGE,  jn the reproductive
behaviour of  insects have  been demonstrated in only  two
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Fig. 4, Fluctuation of prostaglandin E2 levels in a  bur$a copulatrix  of

   the sllkmoth,  Bo,o7bpr morL  Three  to four hours  after eclosion,

   temaie moths  mated  with  normai  males  (-]} oF steri[ized maVe$

   (---> for 2 hr. After mating,  temajes were  allowed  to oviposit  in

   a  reaFing  room.  Each  datum  polnt represents  mean  ± SD  (nt6),

species/  crickets  and  silkmoth,  The egg-laying  behaviour is
released  by an  injection of PGE2  in Acheta domestica,
letegtyilus comfnodus  and  BornQrx  mori  (Destephano et at,,

1974; Stanley-Samuelson, 1987, 1993, 1994  a, b] Yamaja-

Setty and  Ramaiah, 1980).

   Yamaja-Setty and  Ramaiah {1 980) demonstrated that the
injection of PGs  caused  the egg-laying  behavjour in the virgin

females of  Botnb)oc. They  showed  that the number  of eggs

laid by vjrgLn  females was  30 while  that of virgins treated with
1, 1O or 1OO pg ot PGs  laid 32, 42  and 63 eggs  per individual,
respectively,  Compared  to virgin control  group, these are

stasticalty signiticant increases in oviposition,  There  are,

however, several  questions to be raised their conclusion.  They

reported  that normal  mated  female moths  laid about  400  to

500 eggs,  but an  injection of 1OO gg  oi PGs  resulted  in about
12%  of the number  of eggs  expected  trom a  mated  female

moth.  The  aspect  of pharmacological side  eftects by 1OO Lig
of  PGEF  was  not  addressed  at all. In addition, there was  no

specificity of  PGs  upon  egg-laying  behaviour: PGE, and  PGF?,,
equally  stimulated  the egg-laying  behaviour  in Bombyx,
whereas  there is speciflcity of PGs in stimulating the egg-laying

behaviour ot the cricket,  Acheta domestica (Stanley-
Sammuelson, 1994a},

   ln spite of  the argument  by Yamaja-Setty and  Ramaiah

(1980), the role of p;ostaglandins in releasing  egg-laying

behaviour Ln BomQyx  has remained  to be obsure,  We  therefore

re-evaluated  the role of PGs  on  the release  of  egg-Iaying

behaviour and  conclvded  that PGE, possesses no  stimulatory

effect on  egg-laying behaviour in Bomtzyx,

   ln our  experiments,  females mated  with  normal  males

laidabout400eggsduringthetollowing24hrbutvirginfemales

ov[posited  only  about  1!20 as  many  as  eggs  as  the controF

group did, Virgin females lreated with  1O pg ot PGE2  laid 31 ±

18 egg$  during the first 24 hr period. In addition, females that
copulated  with  sterilLzed males  and  that were  with ster"ized

males  treated wjth PGE2  oviposited 27 ± 1O eggs  and  25 ± t 1
eggs,  respectively  (Table 1). There is no  statistical difference

in the number  of eggs  Iaid by the females between any  two of

these three, ln addition, we  found that PGE2 injections could

not  enhance  egg-laying  behaviourin thls insect. Rathera high
dose of PGE,  <>50 pgfmoth  ) had the reduction  of the
oviposition (unpubllshed data).
   It is believed that jnhibitors such  as  indomethacin                                            T

quinacrine,aspirineandNDGAallofwhPchactontheenzymes
involved Ln the biosynthetic pathway of  PGs  in mammals,  have
the ability to suppress  the biosynthesis of PGs  in insect$ as

wel1 {Stanley-Samuelson, 1 987, t 993, i994a, b). Yamaja-Setty
and  Ramaiah  (1 980) argued  that PGs stimulate the egg-laying

behaviour of Bombyx,  since  treatment of males  and  females
with  inhibitors resulted in a  substantial reduction  in oviposition

by 88%  vvith indomethacln and  by 66%  with aspirine. As  shown

jn Figs. i and  2 and  in Table 2, we  could  not observe  any

reduced  oviposition  after injections of jnhibjtors into male  or

female moths  and  into pharate adults  at any  dose examined.
No  lnterierence with  oviposition was  observed  by the injection
ot these drugs. In addition, we  have examined  the effect  of 4-
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bromo-phenacyl bromide (4BPB), (one of the inhibltors of

phospholipase A2  and  diacylglycerol Iipase), on the ovlposition

in this insect, and  observed  that this drug exhibited  no  eftect

on  egg-laying  behaviour (Fugo, unpublished  data), The  results

presented here conclusively  show  that PGs  have  no  effect  on

the re[ease  of egg-iaying  behaviour in the silkmoth,  Bombyx

mon',  This conclusion  js good agreement  with  those obtained

in Manduca  sexta  (Sasaki and  Riddiford, 1984} and  in the
cabbage  looper, T7t'choplusia ni(Hagen  and  Brady, 1982),

   Prostaglandins andlor  PG  biosynthetic activky  is sexuaHy
transterred from male  to females  in a  number  of  .jnsects

( Teleogr)t"us corntnodus/  Ai et aL, 1 9B6; 7tichoptusia nit Hagen
and  Brady, 1982; Locusta migratoria/  Lange, 1984; Musca
domestica:  Wakayama  et al,, 1986}, Yamaja-Setty and
Ramaiah  (1 980) have demonstrated  that PGs  are  transferred

from maLes  to females, resulting  in increased oviposjtion

behaviour in Bomby)c, Results in Figs, 3 and  4 clearly  showed

that the PGE2 level in bursa copu)atrix was  elevated  by about
two-fold ln mated  iemales, an  [ndication that PGs  or PG
bjosynthetic activity are  transferred from males  to females

durjng mating.  However,  increased oviposition  did not  tollow

the transfer of PGs  or PG  biosynthetic actiyity. We  have

theretore concluded  that PGE,  is not a candldate  for oviposition

stimulation in oppositlen  to the argument  by Yamaja-Setty and

Ramaiah  (1980), although  the amount  of PGE2 increases after
mating  in the bursa copulatrix of BombMx.

   Various post-copulatory events  are  affected  by

substances  derived from the male  reproductive  organs  in

BomQyx  <Yamaoka and  Hirao, 1 977; Osanai etaL,  1 987, 1990;

Fugo  and  Arisawa, 1992), One of the substances  potent to
stimulate  egg-laylng  behaviour has been proposed  by
Yamaoka  and  Hirao (t977). This substance,  called oviposition

stimulating  substance  OSS,  is considered  to be  a  smatl

peptide. OSS  is present in the accessory  glands of normal
males  and  is aiso  in sterilized male  moths  (Fugo and  Arisawa,
1992), lt can  stimulate  egg-iaying  behaviour in virgin  temales
in a dose dependent manner  but its actiyFty  wa$  very  weak

and  not enough  to satisfy our  expectatjons,

   Ma[e  sterility  is easily  caused  by heat treatment (32'C)
for 72  hr during the wandering  stage  in Bombyx  (Sugai and

KiguchL 1968; Sugai and  Takahashi, 1981; Katsuno, 1977a,

b; Fugo and  Arisavva, 1992; Fugo  et at,, 1995), Cytological

observations  have shown  that there is a slgnificant difference
in the number  and  shape  of spermatozoa  in the testes of
normal  and  sterilized moths,  Many  abnormal  apyrene

spermatozoa  have  been  counted  in the testes of  sterjlized

moths  (Katsuno, 1977a, bi Sugai and  Takahashi,  1981),

Recently, the role  of apyrene  spermatozoa  has  been

postulated  as  an  assistant  function in prornoting the
dissociation of  eupyrene  $perm  bundles in the spermatophore

{Osanai et a4  1987, 1990), ln the spermatophores  of females
that were  mated  with sterHized males,  eupyrene  sperm  bundies

rema[ned  intact, but separate  eupyrene  spermatozoa  were

not  observed  {Sugai and  Takahashi, 1 981 ), Oviposition activity

in females wh[ch  copulate  wjth  triploid male  moths  is very  low
and  the oviposited  eggs  are  unfertilized (Takizawa et  aL, 1 976).

This was  a)so  the fact for the female moths  mated  with  heat-
treated male  moths,  ln addition  when  tripioid mares  mate  with

fema]es, a larger number  of apyrene  spermatozoa  are

observed  in the bu rsa copulatrix and  in the spermatheca,  while

onfiy a  few eupyrene  sperrnatozoa  are  observed  in those
organs  (Takizawa et ar,, 1976), This appears  that the
simultaneous  presence of norma]  eupyrene  and  apyrene

spermatozoa  is necessary  in the bursa copulatrix tor exhibiting

egg-iaying  behavjour.

   The mechanism  that contrels  the shiit from the virgin
behaviour to the mated  behaviour in temale Bombyx  is not
known, Females  that mated  w]th  normal  males  oviposited  400
to 500  fentized eggs  in 2 to 3 days  follwing the copulation,

but the number  of eggs  deposlted by females that copuiated
with sterillzed males  or trPloid maies  reduced  to about  173 to

112 of the control group, indicating that normal  spermatozoa

are  necessaty  to cause  the shift from virgin  to mated  behaviour,
Furthermore, testectomized males  and  sterilized males  remain

able  to produce spermatophores  and  to mate  with  females

(Fugo and  Arisawa, 1992>, However, these matings  do not

release  egg-laying  behaviour in Bombyx <Fugo and  Arisawa,
1992), Therefore, the fluids that are  derived from ma)e
accessory  glands may  play no  essential  role  in eliciting

oviposition  behaviour in this insect. Thereiore the pfesence
of normal  eupyrene  and  apyrene  spermatozoa  may  be a

st}mular  fer the occurrence  of unknown  biochemical events  in
the spermatophore  or somewhere  in the reproductive  organs

ot females. In addjtion, the migratjon  of eupyrene  spermatozoa

trom bursa eopulatrix to spermatheca,  as proposed by Omura

(1 938, 1 939) and  Thibout {1 979). might  also  be a contributing

tactor,
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