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The Disruption of Neuro-Endocrine Function and Reproduction in the Mediterranean Flour Moth, 
Ephestia kiihniella (Lepidoptera: Phycitidae) by a Chemosterilant, Hexamethylmelamine (HEMEL) 

I n  a c o n t i n u o u s  ef for t  to  f ind  re l a t ive ly  su i tab le  
c h e m o s t e r i l a n t s  for  insec t  pes t s  a s ign i f i can t  level  of 
m a t i n g  a b e r r a t i o n s  h a v e  been  obse rved  in Diparopsis 
castanea, Trichoplusia ni and  Spodoptera liltoralis a f t e r  
t r e a t m e n t  1-s. I n  t h e  f lour  mo th ,  H E M E L ,  w h e n  in jec ted  
i n to  a d u l t  males ,  i nduced  some of t h e m  to  unde rgo  2 
m a t i n g  a b e r r a t i o n s  (Table  I), bes ides  i nduc ing  s ign i f ican t  
r educ t i on  ill egg h a t c h a b i l i t y .  The  2 a b e r r a t i o n s  induced  
are s ter i le  m a t i n g  a n d  p e r m a n e n t  copula t ion .  The  fo rmer  
resu l ted  in t i le female  l ay ing  few or no  eggs even  t h o u g h  a 
s p e r m a t o p h o r e  was found  in t he  b u r s a  copu la t r i x  on  
dissect ion.  This  cond i t i on  was s imi la r ly  o b t a i n e d  when  
males  were rea red  a t  h igh  t e m p e r a t u r e ,  and  was p r o b a b l y  
due  to  shor t age  of spe rm ~. D u r i n g  p e r m a n e n t  copula t ion ,  
the  male  wh ich  soon dies is n o r m a l l y  d ragged  a r o u n d  b y  
t he  female.  This  m a t i n g  d i s func t ion  is caused b y  t he  
i n a b i l i t y  of t he  ma le  to  comple te ly  in t roduce  t h e  spe rma-  
t o p h o r e  in to  t he  b u r s a  copu ta t r i x  of t he  female  d u r i n g  t h e  
process  of s p e r m a t o p h o r e  t ransfe r .  14 pa i r s  of insec ts  in 
p e r m a n e n t  copu la t ion  were examined ,  a n d  the  horns  of 
t he  s p e r m a t o p h o r e  were no t  d is lodged f rom the  ho rns  of the  
d u c t u s  e jacu la to r ius  (Figure).  F u r t h e r  d issec t ion  of t he  

b u r s a  copu la t r i x  revea led  no b lockage  due  to  t he  presence  
of o the r  spe rma tophores .  His tological  a n d  h i s tochemica l  
e x a m i n a t i o n s  of t he  male  r ep roduc t i ve  o rgans  genera l ly  
did  no t  revea l  s ign i f i can t  changes  a f t e r  H E M E L - t r e a t -  
m e n t  (unpub l i sh  da ta) .  However ,  even  u n d e r  n o r m a l  
cond i t ions  a few males  were also found  to undergo  per-  
m a n e n t  copu la t ion  in  t he  s tock  cul tures .  A f u r t h e r  
i m p o r t a n t  f ind ing  was t h a t  in j ec t ion  of 16.7 ~zg H E M E L  
per  male,  i nduced  s p o n t a n e o u s  f o r m a t i o n  of spe rma-  
t opho re  sac (wi thou t  unde rgo ing  ma t ing )  in  a s ign i f ican t  
n u m b e r  of con t ro l  males  b u t  no t  in  d e c a p i t a t e d  males.  
This  suggested  t h a t  t he  b r a i n  a n d  t he  neu roendoc r ine  
complex  m a y  be invo lved  in m e d i a t i n g  the  effects of 
HE3/IEL. 

Virg in  male  f lour  m o t h s  which  emerged  w i t h i n  1 h of 
each  o the r  were in jec ted  e i the r  w i t h  16.7 ~g H E M E L  or 
glass dis t i l led w a t e r  (controls).  The  heads  were qu ick ly  
severed,  f ixed and  cross-sect ioned seriMly a t  6 gin, 3 days  
pos t  t r e a t m e n t .  The  neuro -endocr ine  complexes  f rom 
H E M E L - t r e a t e d  and  con t ro l  males  were ana lyzed  b y  
s t a in ing  the  sect ions  s imu l t aneous ly  w i t h  resorc in  fuchs in  
u n d e r  iden t ica l  cond i t ions  5. No s igni f ican t  changes  were 
obse rved  in the  co rpora  ca rd i ac s  a n d  a l l a t a  of t he  t r e a t e d  
m o t h s  compared  w i t h  t he  controls .  However ,  t he  neuro-  
secre tory  cells (A) in t he  med ia l  group of t he  pa r s  in te r -  
cerebral is  c o n t a i n e d  more  a b u n d a n t  pu rp l e  s t a ined  m a t e -  
r ia l  in the  t r e a t e d  insects  t h a n  in the  controls .  

In  a n o t h e r  expe r imen t ,  v i rg in  males  of E. hi~hniella 
were s imi la r ly  t r e a t e d  as a b o v e  excep t  t h a t  no coun te r -  
s t a in ing  was pe r fo rmed .  The  neurosec re to ry  A-cells were 
s canned  ind iv idua l Iy  u n d e r  a Vickers  M85  microdens i to -  
m e t e r  in  eve ry  sec t ion  in wh ich  t h e y  appeared .  The  med ia l  
neu rosec re to ry  A-cells f rom H E M E L - t r e a t e d  males  a n d  
t h e i r  r e spec t ive  cont ro l s  were scanned  a l t e r n a t e l y  in a 
day ' s  opera t ion .  Tab le  I I  shows t h a t  t he  s t a inab l e  
neu rosec re to ry  m a t e r i a l  in  the  A-cells was m u c h  h igher  in  
t he  H E M E L - t r e a t e d  insects  t h a n  in t he  controls .  However ,  
a s t a t i s t i ca l  ana lys i s  is no t  va l id  in th i s  i n s t ance  since a 
l inear  r e l a t ionsh ip  be tween  t he  opt ica l  a b s o r b a n c e  a n d  
the  i n t e g r a t e d  opt ica l  dens i t y  could no t  be es tab l i shed .  
However ,  i t  is c lear  f rom th i s  e x p e r i m e n t  t h a t  H E M E L  
t r e a t m e n t  i nduced  a c c u m u l a t i o n  of neu rosec re to ry  
ma te r i a l s  e i the r  f rom increased  syn thes i s  or decreased 
release or b o t h  these  processes in t he  A-cells. 

Position of spermatophore when permanent copulation occurs. 
A, bursa eopulatrix (female); B, spermatophore sac; C, male clasper; 
D, adaegus enclosing spermatopbore column; E, duetus ejaeulatorins 
horns enclosing the horns of spermataphore; F, spermatophore 
opening; G, buIbus ejaeulatorius. 
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Table I. Mating aberrations induced by HEMEL 

Dose No. of pairs Control mating (%) Permanent copulation of mated (%) Sterile mating (%) 

Control 0.5 ~l 16 93.7 0 0 
HEMEL 10.1 ~g 15 85.1 41.7 16.7 

16.7 ~g 15 92.2 30;8 46.2 

Sterile mating in which mated female, as confirmed by the presence of spermatophore, laid few or no eggs. 
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Table II. Microdensitornetric comparison of the neurosecretory materials in adult male E. Mihniella 

EXPERIENTIA 30112 

No. of brain No. of sections scanned Integrated optical density 

Average Jc S.E. 

Control 5 53 4625.8 271.1 
HEMEL 5 70 5323.3 216.7 

a Measurements were done with reference to background at a wavelength of 580 nm, over circular area of 113 lxm ~ under • 1,000 magnifica- 
tion in triplicates. 

Table I11. Cellular and nuclear volumes of neurosecretory A-cells and their nuclear-cytoplasmic ratio 

Control i S.E. HEMEL -t- S.E. Comparison of means 

No. of brains 5 5 
No. measured 40 69 
Cellvolume (tzm ~) 618.2 -1- 45.0 753.1 i 44.6 0.01 > P > 0.001 
Nuclear volume (bun 8) 99.4 =~ 9.3 132.6 ~c 8.6 0.05 > P > 0.02 
Nuclear cytoplasmic ratio 0.205 ~ 0.018 0.248 J2 0.020 0.0I > P > 0.001 

The volumes  of t he  A-cells and  the i r  nuclei  were 
e s t ima ted  f rom 2 radi i  pe rpend icu la r  to each o ther  
ob ta ined  f rom camera  lucida drawings  based  on the  
a s sumpt ion  t h a t  the  ceils are spheroids.  The resul ts  
ind ica ted  t h a t  H E M E L  t r e a t m e n t  had  induced increased 
cellular act ivi t ies  of the  A-cells, shown by  the  larger 
cellular and nuclear  volumes  compared  wi th  t he  controls  
(Table 11I). Fur the r ,  t he  nuclear  cy top lasmic  ra t io  in 
the  A-cells of t r ea t ed  males is also higher  t h a n  the  
controls .  These suggest  t h a t  the  accumula t ion  of neuro-  
secre tory  mater ia l s  af ter  t r e a t m e n t  was largely due to  
increased synthes is  re la t ive  to release. 

The above exper imen t s  showed t h a t  the  ma t ing  aberra-  
t ions  in E. ki~hniella induced by  H E M E L  are p robab ly  the  
resul t  of a d i s rup t ion  in t he  normal  funct ioning  of the  
neurosecre tory  A-cells. However ,  a direct  re la t ionship  
be tween  the  func t ion  of t he  neurosecre to ry  A-cells and  
normal  spe rma tophore  fo rma t ion  and  t rans fe rence  has ye t  
to  be es tabl ished.  Tile induc t ion  of p e r m a n e n t  copula t ion  
by  d i s rup t ing  neuro-endocr ine  funct ion  in an insect  pes t  
by  chemos te r i l an t s  is a special bonus  when  used in the  
steri le  male  release t echn ique  for t h e  suppress ion of 
pests.  The p h e n o m e n o n  of p e r m a n e n t  copula t ion  resul ts  
in a plugging up of the  female reproduc t ive  organs, hence  
few or no eggs are laid. This  is par t i cu la r ly  useful in t he  
contro l  of po lyandrous  pes t  such as Ephestia, since 
theore t ica l ly  1 male  can comple te ly  suppress  the  repro- 
duc t ive  potent ia l i t ies  of 1 female. The suppress ion of the  
female reproduc t ive  potent ia l i t ies  of po lyandrous  pes t  by  
convent iona l  sterile male  release would require  a m u c h  
higher  ra t io  of sterile males to females  t h a n  a m e t h o d  
depending  upon the  p h e n o m e n o n  of p e r m a n e n t  copula t ion 
as induced by  neuro-endocr ine  manipula t ion .  In  add i t ion  
p e r m a n e n t  copula t ion  also l imi ts  the  m o v e m e n t  of the  
insects  and  thus  m a y  fu r the r  reduce the  popu la t ion  by  
expos ing  t h e m  to predators .  

We m u s t  d i f fe rent ia te  clearly be tween  the  possible use 
of s te r i lan ts  which  induced  p e r m a n e n t  copula t ion and  
those  which  suppress  r eproduc t ive  act ivi t ies  t h ro ugh  
d i s rup t ing  neuro-endocr ine  funct ion.  In  the  la t ter ,  
ma t i n g  is grea t ly  reduced,  as shown in a Tenebr ionid  
beet le  t ranqui l ized  by  reserpine,  as a resul t  of accumula-  
t ion  of neuro-secre tory  material% In  the  former  ease, 
t he  normal  ma t i n g  act iv i t ies  should be ma in t a ined  or 
increased as compared  wi th  the  controls .  

Zusammenlassung. In jek t ion  yon  H e x a m e t h y l a m i n  in 
M~Lnnchen der  Meh lmot t e  Ephestia k~hniella bewirkt ,  dass 
sterile Sp e rma t o p h o ren  i ibertragen werden  oder  dass die 
Kopu la  n ich t  mehr  gel6st werden  kann.  Die Behand lung  
bewirk t  s u c h  eine t t y p e r f u n k t i o n  der  neurosekretor ischen,  
med ianen  A-Zellen des Gehirns,  die m6glicherweise als 
Pr im~ref fek t  der  Bef ruch tungss t6 rung  vorausgeht .  

K. H.  TAN ?'s 

Imperial College o/ Science and Technology, 
University of London, London SW7 (England), 
29 May 7974. 

6 p. MASN]ER, L. HUOT, G.-W. CORRIVAULT and J. C PRUDHOMME, 
J. Insect Physiol. 16, 2327 (1970). 
I am indebted to Dr. W. MORDUE for his helpful comments and 
interest in this work. I thank the University Sains Malaysia for 
providing generous support during the tenure of this work. 

s Present address: School of Biological Sciences, Universiti Sains 
Malaysia, Penang, Malaysia. 


