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a t he rma l  effect  f rom the  t issue s. I t  is possible t h a t  t he  
h i s t amine  released f rom the  mastcel ls  granula  m i g h t  be 
responsible for the  t h e r m a l  effects measured.  H i s t amine  
con t en t  per  g ram t issue in so l i ta ry  m a s t o c y t o m a  has  been  
repor ted  to v a r y  be tween  0.95-2 mg, whereas  0.08 mg is 
normal  a, 4. In  the  B a t c h  Microcalor imeter  we have  achieved 
small  hea t  effects when  hea l t hy  skin biopsies are exposed 
to  compound  48/80 and  h is tamine ,  and  the  W a r b u r g  
s tudies  t h a t  we have  run  paral lel  indicates  t h a t  the re  is an 
increased me tabo l i sm in the  t issue caused by  these  p o t e n t  
subs tances  ~. Hepa r in  is also bound  in the  mastcel ls  
granulae ~ m a y b e  in re la t ively  weak bound  w i t h  the  
amines,  for example  h is tamine .  Also o ther  of t he  m a n y  
subs tances  in mastcel ls  granula  may,  of course, be respon-  
sible for t he  the rmic  effects  and in fu r ther  s tudies  we 
in tend  to  inves t iga te  this.  

In  m a n y  allergic condi t ions  affect ing the  skin, i.e. 
urt icaria,  degranula t ion  of the  t issue mastcel ls  and  the  

blood basophil ics  are cent ra l  processes in the  pa thogene -  
sis, and th is  indicates  t h a t  the  p resen t  f inding t h a t  the rmic  
effects can  be measured  by  Sorpt ion  microca lor imet ry  
when  mastcel ls  in m a s t o c y t o m a  and  normal  skill are de- 
g ranula ted  b y  co mp o u n d  48/80, m i g h t  be of clinical im- 
por t ance  in the  future.  
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Summary.  Sectioning the  nerves innerva t ing  the  pro thorac ic  glands of t he  larva of t he  l emon-bu t t e r f ly  has  no effect  on 
the  deve lopmen t  and  me tamorphos i s  of tile insect.  Tile results  are discussed in the  l ight  of the  known  facts. 

Introduction.  I n n e r v a t i o n  of the  pro thorac ic  glands is 
known  in a t  least  five insect  orders 3. Whi le  the  funct ion  
of th is  innerva t ion  has  been  var ious ly  suggested by  dif- 
fe rent  au thors  2-~, no a t t e m p t  was made  to  get  a d i rect  clue 
by  dene rva t ing  the  glands  themselves .  In  th is  paper  we 
p resen t  a p re l iminary  r epo r t  on such an expe r imen t  car-  
r ied out  in the  larva  of the  lemon-but te r f ly ,  Papil io 
demoleus.  
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Diagram showing the innervation of the prothoracic gland in the 
larva of Papilio demoleus. C1, C2, first and second interganglionic 
connectives; COC, eircumoesophageal connective; N1-N5, nerves 
innervating the different parts of the gland; NM, median nerve; PG, 
prothoraeic gland; SOG, suboesophageal ganglion; TG1, TG2, first 
and second thoracic ganglia; TR, trachea. 

Materials and methods. Young ( i -day-old)  f i f th  (ultimate) 
instar  larvae of the  l emon-bu t t e r f ly  were wate r -narco-  
t ised s and f ixed in posi t ion wi th  the i r  ven t ra l  surface up 
be tween  2 crossed pins in a wax  dissect ing dish. All the  
nerves  (N1 th rough  N5, see below) innerva t ing  each 
gland were sect ioned wi th  a pai r  of microscissors on e i ther  
side of the  ven t ra l  nerve  cord t h ro u g h  incisions made  in the  
in te r segmenta l  membranes .  An an t ib io t i c -phenyl - th iourea  
(1 : 1 by  weight)  mix tu re  was appl ied on the  wounds  and  
the  insects  were cooled a t  5 ~ in a refr igerator  for 4-5  h 
to reduce bleeding 9. The insects  were t h e n  t rans fe r red  to  
room t e m p e r a t u r e  and  kep t  s t a rved  for 24 h to  min imize  
bleeding due to feeding movement s .  The controls  were 
t r ea ted  in a similar m a n n e r  b u t  the i r  nerves  were only  
s l ight ly pul led and no t  severed.  
.Results. There  are 5 nerves  des igna ted  as N1 t h ro u g h  N5 
t h a t  con t r ibu te  to the  innerva t ion  of each pro thorac ic  
gland in th is  insect  (figure). The  N1 arises f rom t h e  sub- 
oesophageal  ganglion and  sends a small  b ranch  to  inner-  
va te  the  t e rmina l  pa r t  of the  gland. The N2 arising f rom 
the  first  in tergangl ionic  connect ive  (C1) lying be tween  
the  suboesophageal  and pro thorac ic  ganglia joins t he  N3 
f rom the  pro thorac ic  ganglion to  form a c o m m o n  nerve  
t h a t  sends a b ranch  to  innerva te  the  middle  p a r t  of the  
gland. Likeweise, the  N4 arising f rom the  med ian  nerve  
of the  pro thorac ic  ganglion joins t he  N5 f rom the  second 
intergangl ionic  connect ive  (C2) lying be tween  t h e  pro-  
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and mesothorac ic  ganglia to  form ano the r  common  nerve  
t h a t  innerva tes  the  pos ter ior  p a r t  of the  gland. However ,  
the  main t runks  of all these  nerves (except  possibly of t he  
N4) proceed pas t  the  pro thorac ic  glands to innerva te  the  
b o d y  wall and muscula ture  of the  f i rs t  2 thoracic  seg- 
ments .  Bi la teral  sect ioning of the  nerves  had  no effect  on 
the  deve lopmen t  and me tamorphos i s  of the  insect  excep t  
for a de lay  of a day  or two in pupa t ion  which  could be 
due to the  shock of the  operat ion.  The resul ts  of the  ex- 
pe r imen t  are summar ized  in the  table.  
Discussion. Different  au thors  have  suggested d i f ferent  
roles for the  nerves innerva t ing  the  p ro thorac ic  glands in 
insects.  Possompes  a, for example,  concluded t h a t  the  
nerves are involved in the  regula t ion of the  moul t ing  
process while H e r m a n  and Gilbert  2 bel ieved t h a t  t h e y  
s t imula te  degenera t ion  of the  glands dur ing the pupal-  
adul t  moult .  Sr ivas tava  and Singh 4 and la ter  Hin tze-  
Podufa l  5, on the  o ther  hand,  suggested t h a t  the  nerves  
t r a n s p o r t  a neurosecre tory  type  of granules to  the  gland 
ceils. None of these suggestions,  however ,  have  experi-  
men ta l  suppor t .  On the  basis of the  exper imenta l ly  
known facts,  it can be assumed t h a t  the  nerves  innerva t -  
ing the  pro thorac ic  glands are e i ther  involved in feeding 
sensory /propr iocep t ive  inputs  to the  cent ra l  nervous  
sys tem,  or exer t  a nervous  inhib i t ion  on the  ac t iv i ty  
(synthesis  or release of ecdysone) of the  pro thorac ic  
glands. In  regard to the  first  a l ternat ive ,  there  is now an 
increasing evidence to suggest  t h a t  p ropr iocep t ion  plays  
an i m p o r t a n t  role in the  ac t iva t ion  of the  neurosecre tory  
sys tem (NSS) and/or  release of the  brain  hormone  TM. 

Effect of sectioning the prothoracic gland nerves in the larva of 
Papilio demoleus 

Nerves No. No. Pupation alter 
sectioned operated survived 

6-7 days 12- 14 days none 

N1 
through N5 1 I0 65 61 3 1 
Con trols 35 30 30 0 0 

E d w a r d s  9 has  shown t h a t  th is  effect  is more  p r o n o u n c e d  
when  the  sensory  inpu t  of a larger n u m b e r  of b o d y  seg- 
men t s  is b locked by  severing the  ven t ra l  nerve  cord an- 
ter ior ly  t h a n  when  the  inpu t  of only  a few segments  is 
blocked by  sever ing tile cord more  poster ior ly .  Similar 
results  were also ob ta ined  by  Alexander  6. F r o m  these  
f indings  it could follow t h a t  there  exists  an effective 
sensory /propr iocep t ive  inpu t  p roduced  by  the  per iphera l  
nervous  sys t em of a larger n u mb er  of b o d y  segments ,  to  
which alone the  NSS  responds.  Since N1 t h ro u g h  N5 in 
t he  p resen t  insect  innerva te  only 2 of the  body  (thoracic) 
segments ,  the i r  sect ioning would no t  be adequa te  to  
dilute the  effective sensory /propr iocep t ive  inpu t  to  the  
ex t en t  t h a t  i t  could inhibi t  the  NSS.  And  therefore ,  
despi te  the  dene rva t ion  of the  pro thorac ic  glands,  the  
deve lopmen t  of the insect  would no t  be hampered ,  as 
observed in our studies.  The evidence for the  second al- 
t e rna t ive  comes f rom the  works of Alexander  6 and  Hsiao 
and Hs iaoL Whi le  t h m r  evidence is largely indirect ,  t he  
diff icul ty  in conf i rming the i r  f indings lies in 2 facts :  a) 
t h a t  the  ecdysone  is capable  of ac t iva t ing  its own pro-  
thoracic  glands ~3, and  b) t h a t  t issues o ther  t h a n  pro- 
thoracic  glands m a y  also produce  ecdysone  in some 
cases TM ~. These possibili t ies are likely to neutra l ize  any  
effect  t h a t  the  nerve sect ion m a y  produce.  The whole 
issue of the  significance of the  pro thorac ic  gland inner-  
va t ion  is, therefore ,  a complex  one and needs a more 
thorough  invest igat ion.  
One of the  side effects of the  above expe r imen t  was the  
failure of the  C2 (figure) to condense  in the  adul t s  t h a t  
developed f rom the  nerve sect ioned larvae. P re l imina ry  
observa t ions  impl ica te  N5 for th is  effect.  F u r t h e r  work  
is in progress to conf i rm and explain  this  possibil i ty.  
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Summary. Shor t  t e r m  in v i t ro  expe r imen t s  on the  influence of the  ex t r ac t s  of corpora  al lata and  bra in  f rom the  t e rmi t e  
queen Odontotermes assmuthi on the  lipid release from the  fat  b o d y  into the  h a e m o l y m p h  indica ted  t h a t  the  ex t r ac t  
of corpora  allata does no t  influence the  lipid mobil izat ion,  whereas  the  bra in  ex t r ac t  increases the  free f a t t y  acid level 
in t he  haemolymph .  I t  is bel ieved t h a t  the  bra in  ex t rac t  s t imula tes  t r iglycer ide hydrolys is  in the  fa t  body.  

I t  is well recognized now t h a t  the  corpora  al la ta  control  
aspects  of lipid metabo l i sm in the  various t issues of 
insects  1-3. A l l a t ec tomy increases the  to ta l  l ipid con ten t  4 
and  also s t imula tes  tu rn -ove r  of phosphol ip ids  and tr i-  
glyceride fract ions 5. In  the  a l la tec tomized  Schistocerca 
gregaria, WALKER and BAILEY 6 have  d e m o n s t r a t e d  con- 
s iderable  increase in t r iglycer ide con t en t  of the  fat  body,  
b u t  no appreciable  effect  on the  h a e m o l y m p h  lipid level. 
The role of cerebral  neurosecre ta ry  mater ia l  on carbo-  
hydra te ,  as well as on the  lipid me tabo l i sm in the  fat  
body  of some insects,  has  also been suggested ~-s. While 
working wi th  Hyalophora cecropia m o t h  GILBERT and his 
associates ~ have  shown t h a t  corpora  al lata s t imula te  
incorpora t ion  of (1-C 14) pa lmi t a t e  into ovar ian  glycerides. 
I t  is well unders tood  now t h a t  the  glycerides provide  
some of the  energy  for embryogenesis .  In  vi t ro  studies on 

the  female Leucophaea maderae 1 have  suggested t h a t  the  
corpora  al la ta  ac t  on bo th  the  fat  body  and ovary  by  
making  more  lipid available for s torage in the  ma t u r ing  
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