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Effect of certain env ironmenta l  factors  on the cerebral  neurosecre tory  cells of A m e r i c a n  
cockroach  Periplaneta americana (L.) 
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Department o/Zoology, Sai/ia College, Bhopal (India), 5 April 1977 

Summary. U n d e r  i l l umina t ion ,  t he  cerebral  neurosecre t0rY cells (NSC) of Periplaneta americana w e re  f o u n d  to be 
dep le ted  of n e u r o s e c r e t o r y  m a t e r i a l  (NSM). I t  is sugge s t e d  t h a t ,  due  to  p ro longed  e xposu re  to i l l umina t ion ,  t he  syn -  
t hes i s  of N S M  was  checked.  The  NSC were found  dense ly  p a c k e d  w i th  N S M  af te r  keep ing  t he  insec t s  in t o t a l  da rkness .  
C l u m p i n g  of NSC and  the i r  a x o n s  was  b r o u g h t  a b o u t  b y  15 d a y s  of s t a r v a t i o n .  Die t  p l ayed  no s ign i f i can t  role in t he  
n e u r o s e c r e t o r y  ac t iv i ty .  

In  r ecen t  years ,  a t t e n t i o n  ha s  been  focussed  on the  effects  
of e n v i r o n m e n t a l  f ac to r s  on the  neu rosec re to ry  cells 
(NSC) of ce r t a in  insec t s  2 s; b u t  v e r y  l i t t le  is k n o w n  a b o u t  
t he  c h a n g e s  in t h e  a c t i v i t y  of cerebra l  n e u r o s e c r e t o r y  cells 
of Periplaneta americana (L.) due  to ce r t a in  e n v i r o n m e n t a l  
fac tors .  In  t h e  p r e s e n t  i nves t iga t ion ,  an  a t t e m p t  is m a d e  
to  s t u d y  t h e  effect  of l ight ,  da rkness ,  s t a r v a t i o n  a nd  
pro te in- ,  fa t -  a n d  c a r b o h y d r a t e - r i c h  die ts  on t h e  cerebral  
n e u r o s e c r e t o r y  a c t i v i t y  of t he  A m e r i c a n  cockroach,  Peri- 
planeta americana. 
T h e  e x p e r i m e n t s  were car r ied  o u t  on 1 -mon th -o ld  a d u l t  
f emale  cockroaches .  In  t he  f i rs t  e x p e r i m e n t ,  t he  insec t s  
were d iv ided  in to  3 g roups ,  and  were kep t  in sma l l  insec t  
cages.  T h e y  were supp l i ed  w i th  food cons i s t ing  of we t  

b read  pieces a nd  w a t e r  a t  r egu la r  in te rva ls .  1 g roup  was  
exposed  to  t he  i l l u m i n a t i o n  of 200 W i n c a n d e s c e n t  l a m p  
f rom a d i s t a nc e  of 30 c m for a per iod  of 12 days .  The  2nd 
g roup  was  ke p t  in to t a l  d a r k n e s s  for the  s a m e  l e ng th  of 
per iod w i t h  p rov i s ion  for free pa s sa ge  of air. T h e  3rd g roup  
was  m a i n t a i n e d  as con t ro l  for t he  s a m e  l e n g t h  of period.  
For  the  2nd e x p e r i m e n t ,  t he  insec t s  were d iv ided  in to  
2 groups .  1 g roup  was  fed on t he  n o r m a l  diet  of wet  b read  
pieces, whi le  t he  2nd g roup  was  n o t  g iven  a n y  food for 
15 d a y s  e xc e p t  some  water .  I n  t he  3rd e x p e r i m e n t ,  insec t s  
were s e p a r a t e d  in to  3 groups .  T h e  f irst ,  2rid a nd  3rd 
g roups  of insec t s  were fed on pro te in- ,  fa t -  a n d  carbo-  
h y d r a t e - r i c h  die ts  r e spec t ive ly  for 15 days .  The  b ra ins  
were r e m o v e d  f r o m  all  t he  e x p e r i m e n t a l  a n d  cont ro l  in-  

Fig. 1. Transverse section of brain passing through the pars inter- 
cerebralis showing neurosecretory cells (NSC) with depletion of 
neurosecretory material (NSM). Note a single cell marked with ---> 
showing no traces of neurosecretory material (NSM). The individual 
was exposed to illumination for a period of 12 days. PF-stain, • 1000. 

Fig. 3. Transverse section of brain passing through the pars inter- 
cerebralis exhibiting neurosecretory cells (NSC) with deformity in 
their structure atld clumping of neuroseeretory material (NSN). The 
individual was starved for a period of 15 days. PF-stain, • 1000. 

Fig. 2. Transverse section of brain passing through the pars inter- 
cerebralis showing neurosecretory cells (NSC) with abundant 
neurosecretory material (NSM). The individual was kept in darkness 
for a period of 15 days. PF-staiI b • 1000. 

Fig. 4. Transverse section of brain passing through the pars inter- 
eerebralis of a normal individual. Note the presence of uniformly 
distributed neurosecretory material (NSM) in the perikarya of the 
neurosecretory cells (NSC). PF-stain, • 1000. 
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sects and were fixed immed ia t e ly  in aqueous Bouin ' s  
fluid. The mater ia l  was processed in the  usual way  and 
paraff in  blocks were prepared .  6-8 F.m th ick  sections were 
serially cu t  and s ta ined  wi th  F F - t e c h n i q u e  of Ewen  ~. 
The effect  of l ight  on the  neurosecre to ry  ac t iv i ty  was 
shown by  the  au to rad iograph ic  s tudies  on grasshopper ,  
where in  a higher  degree of S85-cysteine was incorpora ted  
into the  brain  neurosecre to ry  ceils of the  long day  insects,  
as compared  wi th  the  shor t  day  insects  5. Recent ly ,  the  
site of photoper iod ic  recep t ion  was bel ieved to be the  
bra in  itself by  some workers3, 8. In  the  present  s tudy,  a 
few s ignif icant  changes  were observed  in the  cerebral  NSC 
af ter  exposing the  insects  to  i l luminat ion of longer du- 
rat ion.  U n d e r  i l luminat ion,  the  NSC were found to be 
deple ted  of neurosecre to ry  mate r ia l  (NSM) (figure 1). I t  is 
suggested tha t ,  due to  pro longed exposure  to i l luminat ion,  
the  syn thes i s  of NSM is checked.  The NSC were found 
densely  packed  wi th  N SM af ter  keeping the  insects in to ta l  
darkness  (figure 2). Due to  darkness ,  tile NSM remains  
undischarged  and thus  accumula tes  as a densely  packed  
mate r ia l  in the  pe r ika rya  of the  NSC. If  these  insects  are 
again exposed to i l luminat ion,  the  NSC are dep la ted  of 
their  colloids. Similar observa t ions  were made  by  Gun- 
devia  and R a m a m n r t y  ~~ who repor ted  t h a t  l ight  p lays  
a role in the  process of neurosec re to ry  mater ia l  p roduc t ion  
and i ts  release, because in darkness  the  cells were densely  
packed wi th  NSM, while under  i l luminat ion  the  ceils 
themse lves  are deple ted  of the i r  colloids b u t  in the  axons  
there  was an abundance  of t he  neurosecre to ry  granules.  

S ta rva t ion  b rough t  abou t  the  inh ib i t ion  of neurosecre to ry  
ac t iv i ty  in red co t ton  bug s, and  c lumping  of NSC in 
Orthetrum chrysis ~. In  the  p re sen t  inves t igat ion,  de fo rmi ty  
in the  NSC and  c lumping  of the  NSM in the  ceils and  
axons  were b ro u g h t  abou t  by  15 days  of s t a rva t ion  in P .  
americana (figure 3). Similar observa t ions  were  made  by  
t3assurmanova  and P a n o v  4. No change  was observed in 
the  neurosecre to ry  ac t iv i ty  of bra in  ceils due to  di f ferent  
diets  as compared  wi th  controls .  P r e s u m a b l y  die t  plays  
no s ignif icant  role in the  secre tory  ac t iv i ty  of NSC of th is  
insect.  In  all the  control  insects,  the  cerebral  NSC showed 
uni formly  d i s t r ibu ted  NSM in the i r  pe r ika rya  (figure 4). 
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Distribution of 7-aminobutyric acid (GABA) in the ganglia of Aplysia kurodai 
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Summary. The concen t r a t ion  of GABA was de t e rmined  in each ganglion of Aplysia kurodai by microassay.  Highes t  
concen t r a t ion  was observed  in buccal  ganglia.  

GABA has been es tab l i shed  as an inh ib i to ry  neuro t rans -  
m i t t e r  a t  t he  c rus tacean  neuromuscu la r  junct ion  3-4 and  
the re  is now good evidence  t h a t  the  subs tance  is t he  in- 
h ib i to ry  n e u r o t r a n s m i t t e r  in ve r t eb ra t e  S, ~ as well as in 
i nve r t eb ra t e  nervous  sys tems  3 4. Morphological  and 
physiological  proper t ies  of Aplysia ganglia have  been in- 
ves t iga ted  for m a n y  years.  The re la t ive ly  large size and 
r eady  accessibi l i ty  of t he  neurons  faci l i tate  neurochemica l  
inves t iga t ion  including the  de t e rmina t i on  of pu t a t i v e  
n e u r o t r a n s m i t t e r s ;  ace ty lchol ine  7, dopamine  and sero- 
toninS,% g lu t ama te  and  g lu tamine  1~ and  the i r  re la ted  
enzymes  in the  indiv idual  neurons  of the  ganglia. 
However  too l i t t le a t t e n t i o n  has been paid  to GABA in 
the  Aplysia ganglia. Presence  of GABA in the  ganglia has 
no t  been  de t e rmined  3, p r o b a b l y  because of the  technica l  
l imi ta t ion  of GABA assay sys t em in such a small  sample  
as single ganglion or neuron.  By  the  ion tophore t ic  s tudy,  
Gerschenfeld  e t  al. it found t h a t  GABA has an ex i t a to ry  
on H-cells  and an inh ib i to ry  act ion on D-cells of Aplysia 
nervous  sys tem.  
I n  the  p re sen t  expe r imen t ,  the  concen t ra t ion  of GABA 
was de t e rmined  in each ganglion of Aplysia kurodai, by 
a sensi t ive m e t h o d  which  combines  the  GABase sys t em 
of Scot t  and Jacoby  13 wi th  the  t echn ique  of enzymat i c  
cycling of N A D P H  of Lowry  et  al. 13. This me thod  enabled  
us to measure  GABA in the  order  of 10 -12 moles. 

Aplysia kurodai (220-270 g b.wt)  were collected at  the  
Miura Peninsula ,  K a n a g a w a  Prefec ture ,  in J a n u a r y  and 
F e b r u a r y  1974. They  were kep t  in a sea-water  t ank  at  

1 The authors are indebted to Miss C. Shimada for her skillful as- 
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his advice to handle Aplysia, to Dr S. Ameniya, Misaki Marine 
Biology Station, University of Tokyo, for his support to get the 
animals. 
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