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in i n h i b i t i n g  mitos is  w h e n  added  to cu l tu res  w i t h i n  a 
per iod  of a p p r o x i m a t e l y  100 m i n  pr io r  to  mi tos is  (Fig- 
ure  1). Before  th i s  t ime,  i n c u b a t i o n  on  caffe ine for in-  
creas ing t i m e  appea red  to  resu l t  in a de lay  of mi tos is  
wh ich  was a p p r o x i m a t e l y  a l inear  f unc t i on  of t ime.  
Cul tures  s imi la r ly  i n c u b a t e d  w i t h  t heophy l l i ne  a t  t he  
same c o n c e n t r a t i o n  (3 m M )  showed an  a lmos t  iden t ica l  
p a t t e r n  of de lay  of mi tos is  (Figure 1). 

W h e n  cu l tu res  were s t a r v e d  for a long t ime,  some 
a s y n c h r o n y  appea red  to develop.  Usua l ly  i t  was  p o s s i b l e  
to  eva lua t e  t he  t i m e  of mi tos i s  if t he  s m e a r  was t a k e n  
f rom t h e  growing edge of a n  a d v a n c i n g  lobe 1~. Cul tures  
s t a r v e d  for a per iod  of t i m e  longer  t h a n  180 rain  showed  
a de lay  of mi tos is  wh ich  increased  for longer  per iods  of 
s t a r v a t i o n  (Figure 1). B e t w e e n  a b o u t  100 m i n  pr io r  to  
mi tos is  a n d  180 min,  a smal l  b u t  cons i s t en t  acce le ra t ion  
of mi tos i s  b y  s t a r v a t i o n  occurred.  

P r e l i m i n a r y  e x p e r i m e n t s  h a v e  shown a m a r k e d  in- 
crease in cyclic A M P  levels in cu l tu res  s t a r v e d  for 6.5 h 
pr ior  to  t he  expec ted  t i m e  of mitosis ,  wh ich  is accom- 
pan ied  b y  m a r k e d  delays  in mitosis .  O t h e r  cu l tu res  a t  
sho r t e r  t imes  of s t a rva t ion ,  in which  mi tos i s  is n o t  in- 
h ib i ted ,  showed a smal l  spike of c A M P  (only double  
n o r m a l  levels a t  i ts  m a x i m u m )  a t  a p p r o x i m a t e l y  75 m i n  
pr ior  to  mitosis .  These  d a t a  are cons i s t en t  w i t h  a model  
in wh ich  t he  peak  in c A M P  is a d e t e r m i n i n g  s tep  in 
mitosis.  

Cul tures  which  were d ipped  in sa l t s  m e d i u m  appea red  
to gain w a t e r  a n d  w h e n  sc raped  o f f  t he  pape r s  appea red  
more  s l imy  t h a n  con t ro l  cul tures .  W h e n  such  cu l tu res  
were c o m p a r e d  to those  of con t ro l s  n o t  exposed to  sa l ts  
med ium,  in 5 d i f fe ren t  e x p e r i m e n t s  t he  we igh t  of t he  
f rozen s t a rved  p l a smod ia  was 86.1 m g / m g  pro te in ,  while  
t h a t  of cont ro l s  was  67.9 m g / m g  pro te in ,  a 27% increase  
in we t  we igh t  as a resu l t  of t he  s t a r v a t i o n  t r e a t m e n t .  T h e  
effect  was  no t i ceab le  a l r eady  a f t e r  15 min.  

No cons i s t en t  de lay  of mi tos is  was  obse rved  in severa l  
p r e l i m i n a r y  e x p e r i m e n t s  us ing  d i b u t y r y l  cyclic A M P  in 
t he  med ium.  I t  is possible  t h a t  endogenous  levels of t he  
cyclic nuc leo t ide  phosphod ie s t e r a se  are h igh  enough  in 
G2 to p r e v e n t  s ign i f ican t  a c c u m u l a t i o n  of cyclic A M P  
u n d e r  these  condi t ions .  I t  was observed ,  however ,  t h a t  
d i b u t y r y l  cyclic A M P  a t  h igh  levels, w h e n  added  to  
cu l tu res  n e a r  mitosis ,  appea red  to  speed up  the  overa l l  
process  of mitos is  a n d  r e c o n s t r u c t i o n  (Figure 2). The  
s t i m u l a t i o n  of t he  overa l l  process  appea r s  to  be  a l inear  
f unc t i on  of t he  log of the  c o n c e n t r a t i o n  of c A M P  (Fig- 
ure  2). I n  caffeine (10 mM) ,  an  even  grea te r  acce le ra t ion  
of r econs t ruc t i on  a f t e r  mi tos is  was  found  t h a n  t h a t  shown  
b y  db-cAMP.  
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Summary. I n  n o r m a l  f reshly  m ou l t ed  insects  Spe r mo tozoa  are p re sen t  and  pass  in to  t he  vas  deferens  a f t e r  24 h. T h e y  
show morpholog ica l  changes  when  inside t he  female  gen i ta l  t r ac t .  S te r i l i ty  caused b y  Acorus  ca l amus  oil v a p o u r s  is due  
to agg lu ta t ion ,  m a l f o r m a t i o n  and  i m m o b i l i t y  of sperms,  w h i c h  m a k e s  t he  spe rms  u n a b l e  to  undergo  morpholog ica l  
d i f f e ren t i a t ion  in t h e  female  t rac t .  

Acours  ca l amus  oil vapou r s  h a v e  been  found  to steri l ize 
male  house  flies 1 (Musca domes t i ca  L.) ;  females  of 
T h e r m o b i a  domes t i ca  (Packard)2;  Dysdercus  koenigii ,  F3; 
and  females  of five s tored  p r o d u c t  beet les  4. Un l ike  clas- 
sical chemos te r i l an t s ,  Tepa  a n d  re l a t ed  c o m p o u n d s  w h i c h  
h a v e  h igh  m a m m a l i a n - t o x i c i t y  and  p h y t o t o x i c i t y  ~, . the 
oil is a non- tox ic  compound .  The  inves t iga t ions  in to  t he  
mode  of ma le  s ter i l iza t ion  h a v e  been  m a d e  b y  t a k i n g  
D. koenigi i  as the  t e s t  insect .  
Material and methods. "/'he bugs  were reared  as descr ibed 
earl ier  e. Male and  female  a d u l t  insects  were s epa ra t ed  
i m m e d i a t e l y  a f te r  m o u l t i n g  in to  sepa ra te  ja r s  a n d  pro-  
v ided  w i t h  food an d  water .  0 -4-hold  males  were exposed  
to  oil v a p o u r s  for 4 days  b y  the  m e t h o d  a l r eady  des- 
cr ibed 3. R a n d o m  samples  con ta in ing  10 insects  were 
t a k e n  f rom the  con t ro l  a n d  t he  th r i ce  rep l i ca ted  experi-  
m e n t s  each  day.  F o r  va r ious  studies,  Aceto  orcein s t a ined  
squashes  of testes,  vas  deferens  and  ov i duc t  were pre-  
pared.  
Results. I n  n o r m a l  insects,  t he  spermatogenes i s  was  
m a x i m u m  in f reshly  m o u l t e d  a d u l t  insects,  where  t h e  
meiot ic  f igures were qu i te  appa ren t .  T he  n u m b e r  of 
sperms  va r i ed  in d i f fe ren t  tes tes ;  b u t  no i nd iv idua l  lacked  
such  s t ruc tures .  No spe rm was found  in t he  vas  deferens  
in  such  individuals .  In  24-48-h-old  insects,  t he  bund le s  
of spe rms  were seen in the  tes tes  and  t he  vas  deferens.  

N u m e r o u s  sperms were seen s e p a r a t i n g  f rom cacti o t h e r  
(figure 1), w i th  t he i r  bodies  in comple te  swir l ing waves  
(figure 2). The  spe rms  en te red  t he  vas  deferens  on ly  24 h 
a f t e r  m o u l t i n g  and  the i r  m a x i m u m  n u m b e r  was found  in 
72-h-old adul ts .  Copula t ions  were obse rved  24 h a f t e r  
moul t ing .  The  m a x i m u m  n u m b e r  of spe rms  t r aced  in t he  
female  t r a c t  was  found  24 h a f t e r  copula t ion .  I n  t he  
female  t rac t ,  t he  sperms  showed def in i te  morpho log ica l  
changes ,  p a r t i c u l a r l y  in t he  head  or nuc lea r  region. This  
end  becomes  b road  a n d  f l a t t e n e d  (figure 3) where  t he  
b o d y  shows n o r m a l  swir l ing waves.  
In  t r e a t e d  insects,  a f t e r  24 h of t he  t r e a t m e n t ,  t he  meiot ic  
d ivis ions  were n o r m a l  b u t  t he  spe rms  a p p e a r e d  to  be 
u n a b l e  to  move.  I n  48-h-old t r e a t e d  insects,  t he  spe rms  
in the  tes tes  and  vas  deferens  were v e r y  e longa ted  s t ruc-  
tu res  (figure 4). Most  of t h e m  were adhe red  to  each  o ther .  
The  head  was e i t he r  h i g h l y  e longa ted  (figure 5) or  corn- 
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Fig.  1. NOte the  s p e r m  s e p a r a t i o n  (arrow) f rom a s p e r m  bundle .  • 500. 

Fig.  2. The  n o r m a l  s p e r m  m o v e m e n t  in the  testis .  • 500. 

Fig.  3. Spe rms  ill the  ov iduc t ,  No te  the  morpho log ica l  d i f fe ren t i a t ion  a n d  the  m o v e m e n t .  P h a s e  • 500: 

Fig.  4. E l o n g a t i o n  of spe rms  in t r a t e d  males .  • 500. 

Fig.  5. H e a d  e longa t ion  a n d  a d h e r a n c e  of the  spe rms  in  t r e a t e d  nlales.  • 500. 

Fig.  6. Cur led  h e a d  cond i t i on  in  the  sperms.  • 500. 

Fig.  7. Spe rms  f rom a t r e a t e d  ma le  in the  o v i d u c t  showing  no  morpho log ica l  ebange .  • 500. 

Fig.  8. S a m e  as in f igure  7. No te  tile adhe rence  of the  h e a d  region.  • 1250. 
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ple te ly  curled up (figure 6). These features  were ve ry  
p r o m i n e n t  in 72-h-old insects,  where  t h e y  were seen in 
i r regular ly j umbled  groups in the  vas deferens  par t icu-  
larly. The spe rma t ids  in the  tes tes  were h ighly  shrunken.  
The sperms of such t r ea t ed  insects,  when  t r aced  in fe- 
males,  were fewer in number  wi th  no a p p a r e n t  morpho-  
logical change vis-A-vis the  control  insects  (figure 7). The 
nuclear  pa r t s  of the  sperms adhered  to each o the r  
(figure 8) and  the  bodies had  no t  a normal  outline. 
Discussion. Reviewing the  effects of chemos te r i l an t s  on 
tl~e reproduc t ive  organs  of insects,  Campion  has  discussed 
spe rm inac t iva t ion  caused by  n i t rogen mus ta rd ,  apholate ,  
t epa  and several  sulphonic  acid esters  5 bu t  the  pheno-  
menon  has been only  related to the  fer t i l i ty  or unfer t i l i ty  
of females w i thou t  assigning any  inhibi t ion in sperm 
morphology.  However ,  the  spe rm immobi l i ty  has been 
repor ted  by  several  workers  7-0. 
In  the  p resen t  s tudy,  the  main  cause of the  male s ter i l i ty  
is the  agglut inat ion,  mal format ion  and immobi l i ty  of the  
sperms.  Spe rm bundles  are p resen t  a t  the  t ime  of expo-  
sure and t h e y  pass into the  vas deferens n e x t  day. F r o m  
24-h onwards  the  sperms show all above features  and it 
appears  t h a t  the  inac t iva t ion  is because of the  imba lanced  
secret ions of the  vas deferens and to some e x t e n t  of the  
tes t icular  t issue xo. T remendous  changes  in sperm morpho-  
logy have been  observed in the  female t r ac t  a f ter  copula- 
t ion  of normal  insects. Thus  in concurrence wi th  the  

observa t ion  of Johnson  et  al. 1~. The sperms of the  t r e a t ed  
males, when  t raced  in the  female t ract ,  did no t  show a n y  
morphological  change and  lacked moti l i ty ,  whereas  in t he  
case of classical chemos te r i l an t s  the  spe rm does no t  lack 
the  normal  appearance ,  mot i l i ty  and abi l i ty  to  en te r  the  
ovum 12 
On the  whole, i t  is diff icult  to  say w h e t h e r  the  t r ans fe red  
sperms are dead  or living. Their  inac t iva t ion  m a y  be due 
to some imbalance  in the  in te rp lay  of ho rmona l  and  
tes t icular  mechanisms .  However ,  to  br ing abou t  any  con- 
crete general izat ion,  more  inves t igat ions  are needed  ~a. 
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Summary. St imula to ry  effect of tr isporic acid and fl-ionone on carotenogenesis  seems to be of a compet i t ive  na tu re  in 
the  minus s t ra in  of Blakeslea tr ispora,  which  suggests  the  same site of action.  Trisporic acid may  be derepress ing t h e  
enzyme(s) revolved in the  conversion of 5 -phosphomeva lona te  to d ime thy l  allyl py rophospha te .  

Trisporic acid (TA), a wel l -known sex ho rmone  of the  
Mucorales, was first  isolated f rom m a t e d  f e rmen ta t ions  of 
Blakeslea t r i spora  ~, which produced  m u c h  h igher  yields 
of carotene  t h a n  u n m a t e d  f e rmen ta t ions  3. This  rise in 
carotene  p roduc t ion  was a t t r i bu t ed  to  the  fo rma t ion  of 
TA. TA regulates  the  sexual  reproduc t ion  in he te ro tha l l ic  
Mucorales ~ and  conspicuously  ac t iva tes  carotenogenesis  
in minus  bu t  not  in the  plus s t ra in  of B. t r i spora  5. 
Goodwin et  al. ~ have  d e m o n s t r a t e d  t h a t  TA acts  as a 
derepressor  of an enzyme in caro tene  p a t h w a y  which is 
normal ly  ra te  l imiting. But  the  exac t  site of TA act ion 
has no t  been es tabl ished so far. Knowledge  of the  mecha-  
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Fig. 1. Structures of trisporic acid C and ~]-ionone. 

n ism of TA act ion in caro tene  p a t h w a y  is f u n d a m e n t a l  
for the  unde r s t and ing  of the  regulat ion of ca ro teno-  
genesis. In  th is  repor t ,  some exper imen t s  a imed a t  the  
elucidat ion of the  exac t  si te of act ion of TA are descr ibed.  
fl-Ionone is known to s t imula te  carotenogenesis .  Reyes  
et  al. 7 repor ted  t h a t  the  si te of ac t ion of /%ionone lies in 
the  biochemical  p a t h w a y  of t e rpenoid  synthes is  be tween  
the  convers ion of 5 -phosphomeva lona te  to d i me t h y l  allyl 
py rophospha te .  There  is a s ignif icant  s t ruc tu ra l  s imi lar i ty  
be tween  TA and fl-ionone as shown in figure 1. Therefore,  
it  was wor thwhi le  inves t iga t ing  w h e t h e r  fl-ionone m i g h t  
compete  wi th  TA for the  site of act ion 8. Minus s t ra in  of 
B. t r i spora  was chosen as the  tes t  organism because i t  
does no t  produce  TA b u t  the  caro tene  synthes is  is s t imu-  
la ted by  TA. 
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