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6 th  or 7 th  day.  I n  con t ras t ,  t h e  v a p o u r  af fected ovar ioles  
e x h i b i t e d  severa l  s t r u c t u r a l  abnorma l i t i e s .  T he  d a m a g e  
s t a r t s  f rom t h e  d i s ta l  end  of t h e  ovar iole  where  t he  f i r s t  
egg is a lmos t  r e a b s o r b e d  (Figure t3). As t he  s eve r i t y  of t h e  
d a m a g e  increases,  e i t he r  1 or 2 oocytes  w i t h  yo lk  are  
obse rved  a n d  t h e  res t  are  v e r y  smal l ,  if a t  all  p resen t ,  b u t  
t h e i r  a r r a n g e m e n t  con t inues  to  be  l inear  (Figure  C, D and  
E). Such  a l inea r  a r r a n g e m e n t  is los t  in  ovar ioles  w i t h  t he  
0.1 ml  dose (Figure F a n d  G). A n  e x t r e m e  case was ob-  
se rved  where  a m a t u r e  egg h a n g s  on  t h e  side of the  ge rmar i -  
u m  (Figure  G). A t  t h e  h ighe r  dose of 0.15 ml, p r e v i t e l l a r i u m  
a n d  v i t e l l a r i u m  are  r educed  to  a sma l l  t u b e  w i t h  one 
chor ionized  egg (Figure  H and  I) or t ubes  w i t h  r e m a n e n t s  
of ova.  A t  th i s  stage,  t h e  f a t  reserves  of t h e  b o d y  are  
a l m o s t  e x h a u s t e d .  Tile f a t  reserves  decrease  d a y  b y  d a y  
in t r e a t e d  insects ,  t h o u g h  t h e i r  s t o m a c h s  are a lways  full  
of food. 

B C D E J t H 

Ovarioles of Dysdercus koenigii F. A. Normal 13 to J affected by 
Acorus calamus oil vapours. A, normal with 8 identical ova in vitel- 
latium and 5-6 oocytes in previtellarium; t3, 0.05 ml dose, 2 basal 
ova reduced, on 7th day of exposure; C, 0.05 ml dose, only 2 ova 
with yolk after 15 days; D, 0.05 ml dose after 17 days; E, 0.1 ml 
after 10 days; F and G, 0.1 ml after 7 days, eggs with yelIow egg- 
shell could be seen. H, I and J, 0.15 ml dose, egg with yellow egg- 
shell in common oviduct and in vitellarium; H, single or many ova 
with or without yolk (F, J). Double line shows the eggs with yellow 
egg shell. 

Discussion. The  effect  of A. calamus oil v a p o u r s  on  
D. koenigii and  T. domestics are a l m o s t  s imilar .  I n  ad-  
di t ion,  some more  obse rva t ions  h a v e  been  m a d e  in t h e  
case of bugs,  such  as loss of l inear  a r r a n g e m e n t ,  occurr ing  
in chor ionized  eggs in t he  v i t e l l a r i u m  a n d  on t he  side of 
t he  ge rmar ium,  a n d  s tuck ing  of eggs in t he  c o m m o n  
oviduc t .  I n  b o t h  cases, t h e  degene ra t i on  process  begins  
f rom t h e  d i s ta l  end.  S imi la r ly  prefol l icular  cells ill th i s  
case a p p e a r  to  be  affected.  These  cells receive a wrong  
code a n d  pe r fo rm  w r o n g  func t ions  a t  w r o n g  place  a n d  
t i m e  3. Besides,  t h e  p reced ing  case can  be  c o m p a r e d  w i t h  
D. cingulatus ovar ies  a f fec ted  b y  t e p a  ~. However ,  to  
m e n t i o n  ca l amus  oil as a c h e m o s t e r i l a n t  is a sub jec t  for 
deba te .  Usua l l y  a n t i m e t a b o l i c  c h e m o s t e r i l a n t s  affect  
females  only, p a r t i c u l a r l y  w h e n  a d m i n i s t e r e d  to  adul ts .  
B u t  w h e n  t h e y  are a d m i n i s t e r e d  in t h e  l a rva l  s tage  ( t h a t  
is a t  t h e  i n i t i a t i o n  of v igorous  syn thes i s  of nucleic  acids 
in  m a n y  d i f fe ren t  t issues),  bas ic  effects  w i t h  genera l  
cha rac te r i s t i c s  are usua l ly  p roduced  r a t h e r  t h a n  t he  
specific ones  6. I n  one of our  exper imen t s ,  t r e a t e d  5 th  
i n s t a r  n y m p h s  m o u l t e d  in to  n o r m a l  adul ts ,  b u t  t h e i r  
ovar ies  fai led to  deve lop  7. I n  o t h e r  words,  t he  effect  is 
specific r a t h e r  t h a n  general .  

The  c o n s u m p t i o n  of f a t  reserves  could  be  due  to in- 
h i b i t i o n  of digest ion,  t h u s  ind i r ec t ly  a f fec t ing  oogenesis,  
as in  t h e  case of t h e  a n t i m e t a b o l i t e  5-f luorouraci l  s. The  
v a l i d i t y  of th i s  a s s u m p t i o n  ha s  to  be  i n v e s t i g a t e d  in t he  
case of A corus oil. I t  is k n o w n  t h a t  oogenesis  is no t  a n  
a u t o n o m o u s  process;  i t  is possible  t h a t  t h e  s t e r i l i t y  is 
ach ieved  due  to  in te r fe rence  w i t h  r e g u l a t o r y  func t ions  
r a t h e r  t h a n  t h e  func t i on  of t h e  ova r i an  tissue. W e  found  
t he  corpora  a l l a t a  is g rea t ly  r educed  (a lmost  1/s in  com- 
par i son  to  n o r m a l  indiv iduals )  in  Pyrrhocoris apterus 
n y m p h s  t r e a t e d  w i t h  A. calamus oil v a p o u r s  9. However ,  
t h e  poss ib i l i ty  c a n n o t  be  ru led  o u t  t h a t  th i s  v i t a l  organ,  
ac t ing  as messenger  for t r igger ing  vi te l logenesis  in  insec t  
ovaries,  is t h e  cause  of s ter i l i ty .  

The  A. calamus oil v a p o u r s  also e f fec t ive ly  dera i l  t he  
n o r m a l  func t ion ing  of ovar ies  of Callosobruchus chinensis 
L. ; Trogoderma granarium E v a r t s ;  Tribolium castaneum 
H e r b s t  a n d  Sitophilus oryzae L. w h i c h  are i m p o r t a n t  pes ts  
of food produc ts ,  and  Anthrenus vorax W a t e r h o u s e  pes t  
of woolen cloth.  The  oil of A. calamus is accord ing ly  a 
versat i le ,  non- tox ic  pes t - con t ro l l ing  a g e n t  10 for  s to red  
grain.  
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Summary. The  cu t i cu la r  l in ing of t he  fo regu t  of IYriplaneta americana did no t  con t a in  e i the r  pore  canals  or t he  open ings  
of d e r m a l  glands,  and  t h e  l e n g t h  of t h e  cu t i cu la r  spines  decreased  pos te r io rwards .  

Cu t i c l e  of a r t h ropods ,  specia l ly  t h a t  of insects,  ha s  
been  s tud ied  b y  m a n y  workers  a n d  t he  s tud ies  h a v e  been  
rev iewed  b y  WIGGLESWORTtI 2 a n d  RICHARDS a. However ,  
t he  s t r u c t u r e  of t h e  fo regu t  cut ic le  of insec ts  is n o t  well  
known.  The  p r e s e n t  s t u d y  gives a n  a c c o u n t  of t he  s t ruc-  
t u r e  of t h e  cut ic le  of t h e  Io regu t  of Periplaneta americana. 

A d u l t  cockroaches  were s t a r v e d  for 3-4  days  to  e m p t y  
t h e i r  gut .  The  fo regu t  was  dissected out ,  s l i t  opened  
long i tud ina l ly ,  w a s h e d  t h o r o u g h l y  w i t h  w a t e r  to  r emove  
a d h e r r i n g  par t ic les  a n d  t h e n  lef t  in  w a t e r  for 1 It. I t  was  
t h e n  poss ib le  to  s epa ra t e  t h e  cut ic le  l in ing of t h e  foregut  
f rom the  e p i t h e l i u m  a n d  muscles.  F o r e g u t  was  f ixed  in 
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Fig. 1. A) Surface view of the 
cuticle of pharynx. B) Surface 
view of the cuticle of crop. 

Fig. 2. A) Longitudinal section of pharyngeal region. B) Longitudinal 
section of crop region. 

T h e  epicut ic le  of t h e  fo regu t  cut ic le  was  v e r y  t h i n  a n d  
was n o t  v is ible  in  sec t ions ;  however ,  i ts  p resence  could 
be  shown  b y  chemica l  t r e a t m e n t  of t h e  cuticle.  W h e n  
t h e  cut ic le  was  k e p t  in  cold c o n c e n t r a t e d  HC1, a v e r y  
t h i n  l ayer  r e m a i n e d  undiges ted ,  t h e  c o n c e n t r a t e d  ItC1 
digests  al l  t h e  layers  of t h e  cuticle,  excep t  t h e  epicuticle.  
This  shows t h e  presence  of epicut ic le  in  t h e  fo regu t  
cuticle.  E v e n  w h e n  t h i s  t r e a t m e n t  was  e x t e n d e d  for  
3 m o n t h s ,  t h i s  l ayer  was  n o t  digested.  P r o b a b l y  t h e  
spines of t h e  p h a r y n g e a l  region are also covered  w i t h  
epicuticle,  s ince t h e y  res i s ted  t h e  acid t r e a t m e n t  for  
severa l  days.  T h e  t h i cknes s  of t h e  d i f fe ren t  layers  of t h e  
cut ic le  of t h e  fo regu t  was  d i f fe ren t  f rom those  of t h e  
b o d y  wal l  cuticle. I t  is d i f f icul t  to  a t t r i b u t e  f i l te r ing or  
a n y  o the r  m e c h a n i c a l  f u n c t i o n  to  t h e  spines  of t h e  p h a -  
ryngea l  region,  since t h e  size of t h e  food par t ic les  in  t h e  
crop was la rger  t h a n  t h e  gap b e t w e e n  t h e  spines.  

a lcohol ic  Bou in ' s  f luid for 24 h. T r a n s v e r s e  and  longi tu-  
d ina l  sect ions  were cu t  a t  4 ~ m  and  s t a ined  w i t h  e i t he r  
Mal lory ' s  t r ip le  s t a in  or i ron  h a e m a t o x y l i n  or S u d a n  
b l ack  B. 

The  surface of t he  cu t i cu la r  l in ing of p h a r y n x  a n d  
crop shows a p a t t e r n ,  s o m e w h a t  r e sembl ing  t h e  a r range-  
m e n t  of scales in  Cypr ino id  fishes. I n  t h e  region of pha r -  
ynx ,  e longa ted  po in t ed  spines  arise f rom t h e  marg in s  of 
t he  scale-like areas  (Figure 1 A). The  l e n g t h  of t he  spines  
decreases  pos te r iorwards .  U l t i m a t e l y  in t he  crop region,  
on ly  v e r y  smal l  peg-l ike p ro jec t ions  are seen ar iz ing  f rom 
the  en t i re  surface of t he  scale-l ike areas  (Figure 1B).  

The  cut ic le  was  no t  s t a ined  w i t h  a m m o n i a c a l  s i lver  
h y d r o x i d e  a n d  d id  n o t  show t h e  openings  of t h e  d e r m a l  
glands.  There fo re  t he  p a t t e r n  of t h e  fo regu t  cut ic le  is 
d i f fe rent  f rom t h a t  of t h e  cut ic le  of t h e  b o d y  wall.  I n  
sect ions,  endocut ic le  was  v is ib le  t h r o u g h o u t  t h e  foregut  
l ining, g iv ing  pos i t ive  c h i t i n  t e s t  a n d  s t a in ing  blue  w i t h  
Mal lory ' s  s ta in .  Pore  canals  were n o t  v is ible  in  a n y  por-  
t ion  of t h e  fo regu t  cuticle. The  spines  of t he  p h a r y n g e a l  
region were no t  s imi la r  to  t h e  b l u n t  h a r d  spines  of Sarco- 
phaga /a lcu la ta  4 a n d  Calliphora 5, since t h e y  did  n o t  t a k e  
S u d a n  b l a c k  13 s t a in  b u t  gave  a pos i t ive  r eac t ion  to  
c h i t i n  t e s t  6. W h e n  s t a ined  w i t h  Mal lo ry ' s  s ta in ,  t h e  
spines d id  no t  t a k e  a n y  colour, on ly  t h e i r  bases  s t a ined  
red  showing  t h a t  t h e i r  basa l  p a r t  was  of u n t a n n e d  exo- 
cut ic le  a n d  u p p e r  po r t i on  was of t a n n e d  exocut ic le  
(Figure 2A). I n  t h e  pos te r io r  region,  t h e  h a r d  exocut ic le  
layer  r educed  and  t he  en t i r e  spine  s t a i ned  red ;  in  t h e  
crop region also, t he  p ro jec t ions  did  n o t  show t h e  pres-  
ence of h a r d  exocut ic le  (Figure 2B).  I n  t h e  gizzard 
region,  t h e  t e e t h  cons is ted  m a i n l y  of t a n n e d  exocuticle,  
and  u n t a n n e d  exocut ic le  and  endocut ic le  layers  were th in ,  
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