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Fig. 3. Shows the close relationship between the axon (A) and the 
specialized cell. Note the mitochondria and agranular vesicles in the 
axon and the concentration of granular vesicles in the specialized 
cell near the axon. Lead citrate and uranyl acetate. • 32,000. 

p a t h w a y s  fire in  phase  w i t h  b r e a t h i n g  in th i s  species ~, 10, 
a n d  th i s  is cons i s t en t  w i t h  m e c h a n o r e c e p t o r  ac t iv i ty .  

Us ing  t h e  l igh t  microscope,  FR6LIC~t descr ibed  ' l igh t  
cells '  in  t h e  b r o n c h i a l  e p i t h e l i u m  of severa l  m a m m a l s  n .  
These  cells, w h i c h  were some t imes  p r e sen t  in  c lumps,  
appea red  to  be  i n n e r v a t e d  b y  f ine ne rve  f ibres  e x t e n d i n g  
deep ly  in to  t h e i r  cy top lasm,  and  he  sugges ted  t h a t  t h e y  

were chemorecep tors .  T h e  presence  of these  cells in  t h e  
n o r m a l  h u m a n  lung  h a s  been  conf i rmed  1~, b u t  a p p a r e n t l y  
t h e i r  i n n e r v a t i o n  h a s  n o t  ye t  been  cor robora ted .  BENSCI~ 
et  al. ~ sugges ted  t h a t  t h e i r  new cell t y p e  p r o b a b l y  cor- 
r e sponded  to FROLICH'S 11 ' l i gh t  cells', b u t  d id  n o t  r epo r t  
a close c o n t a c t  b e t w e e n  these  cells a n d  ne rve  endings.  
T h e  special ized cells wh ich  we h a v e  descr ibed v e r y  
p r o b a b l y  cor respond  to  FROLICH'S ' l i gh t  cells',  an d  t h e y  
do h a v e  a close r e l a t i onsh ip  to  axons .  

I f  our  cells are  chemorecep to r s  t h e y  sugges t  t h e  possi- 
b i l i ty  of a device  for t h e  r ap id  a n d  d i rec t  m o n i t o r i n g  of 
gases w i t h i n  t h e  a i rway,  as opposed  to  t h e  r e l a t ive ly  
ind i rec t  m o n i t o r i n g  of gases in  t h e  blood. I f  t h e y  are 
m e c h a n o r e c e p t o r s  t h e y  are of i n t e r e s t  in  t h a t  i t  h a s  been  
dif f icul t  h i t h e r t o  to  d e m o n s t r a t e  conv inc ing ly  a n y  
def in i te  r ecep to r  s t ruc tu re s  w i t h i n  t h e  v e r t e b r a t e  lung  
wh ich  m i g h t  be  sens i t ive  to  mechan ica l  s t imul i  13. 

Rdsumd. L ' e x a m e n  au  microscope  61ectronique du 
b r o n c h u s  p r ima i r e  i n t r a p u l m o n a i r e  de Gallus domesticus 
a r6vel6 la pr6sence d ' u n  complexe  neu r i t e - r6cep teu r  tr~s 
semblab le  au x  cellules du  g lomus  ca ro t id ien  des m a m -  
mif~res, e t  au x  cellules de Merkel  qu i  se t r o u v e n t  dans  les 
s t ruc tu re s  @ i d e r m i q u e s  des ve r t6b%s .  La  fonc t ion  pos- 
s ible  ch6mor6cep teu r  ou m 6 c h a n o r 6 c e p t e u r  de ces 
cellules es t  discu%e.  
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Effect of Temperature on the Neurosecretory Activity in Nezara viridula Linn. (Heteroptera; Penta- 
tomidae) 

The  role of t e m p e r a t u r e  on  t h e  a c t i v i t y  of neuro-  
sec re to ry  cells has  n o t  so far  b e e n  s tud ied  in de ta i l  in  
insec ts  (NovAK1). The  on ly  r e p o r t  is t h a t  of CLARKX ~, 
who  ha s  s tud ied  t he  h is to logica l  changes  in t he  neuro-  
endocr ine  s y s t e m  of Locusts migratoria a t  d i f fe ren t  
t e m p e r a t u r e  regimes.  I n  t h e  p r e sen t  work  a n  a t t e m p t  l{as 
been  m a d e  to s t u d y  t h e  role of t e m p e r a t u r e  on  t h e  
a c t i v i t y  of t h e  neu rosec re to ry  cells of t h e  b r a i n  of green  
c o t t o n  bug,  Nezara viridula. 

Material and method. The  adu l t s  of Nezara viridula of 
a b o u t  equa l  age group  were col lected f rom t h e  p l a n t s  of 
Althaea rosea. F or  each  rep l i ca te  e x p e r i m e n t  t h e y  were 
sor ted  ou t  in  4 lots. The  f i rs t  lo t  was  k e p t  in  a n  i n c u b a t o r  
m a i n t a i n e d  a t  a t e m p e r a t u r e  of 35~ T h e  second a n d  
t h i r d  lots  were k e p t  ill a r e f r ige ra to r  m a i n t a i n e d  a t  10 a n d  
0~ for 21 days  a n d  4 days  respect ively .  One lot  was  
a lways  k e p t  a t  t he  room t e m p e r a t u r e  (28 ~ as control .  

T h e  insec ts  k e p t  a t  35 an d  10 ~ l ived  for severa l  days,  b u t  
those  a t  0 ~ Survived for 3 - 4  days  only. T h e  e x p e r i m e n t a l  
a n d  cont ro l led  insec ts  were  s tud ied  a f t e r  s t a in ing  w i t h  
p a r a l d e h y d e  fuchs in  ~ (PF) a n d  pe r fo rmic  acid v i c to r i a  
b lue  (PAVB) 4, s t echn iques .  

Results and discussion. I n  t h e  pa r s  in te rce rebra l i s  
media l i s  of t h e  p ro t o ce r eb ru  m of Nezara viridula, t h e r e  
are 2 d i s t i nc t  g roups  of neu rosec re to ry  cells, s i t u a t e d  
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superficial ly on the  dorsal  side (Figure 1). E a c h  group 
consists  of 5 cells of A- type .  The NSM or ig inat ing  in t he  
media l  neurosecre to ry  cells of t he  b ra in  is s tored  in t he  
aor ta  wall  via  neurosecre to ry  p a t h w a y s  and  nervi  
corporis  cardiaci-1 (Figure 1). 

U n d e r  no rma l  room t e m p e r a t u r e  (28~ the  var ious  
c o m p o n e n t s  of t he  neurosecre to ry  sys tem,  i.e. the  neuro-  
secre tory  cells, t he  course of t he  neurosecre to ry  p a t h -  
ways  wi th in  and  outs ide  the  brain,  and  the  NSM in the  
aor ta  wall  are clearly visible (Figure 1). The  insects  
sub jec ted  to  a t e m p e r a t u r e  of 35~ did  no t  show any  
marked  change  in t he  q u a n t i t y  of NSM from the  normal  
(Figure 3). The f reshly  collected insects  f rom the  field, 
where  the  t e m p e r a t u r e  ranges  f rom 30-35~ were also 

examined  and  i t  was  found  t h a t  t h e y  also show an 
exac t  s imi lar i ty  to  those  kep t  in t he  labora tory ,  under  
normal  room t empera tu r e .  I t  seems, therefore ,  t h a t  28 to  
35 ~ is t he  mos t  sui table  t e m p e r a t u r e  range,  a t  which  the  
m a x i m u m  a m o u n t  of NSM is e labora ted  and  d ischarged  
and  all t he  s t ruc tures  m a i n t a i n  clear visibi l i ty.  The 
insects  kep t  a t  a t e m p e r a t u r e  of 10 ~ for 3 weeks,  show 
a considerable  reduc t ion  in t he  q u a n t i t y  of NSM in 
a lmos t  all the  componen t s  (Figures 5 and  6). The  neuro-  
secre tory  cells t h o u g h  qui te  clear, contain, a smal l  a m o u n t  
of NSM (Figure 5). The o ther  componen t s ,  i.e. t he  
axons  and  the  neurosecre to ry  pa thways ,  are no t  so well 
ma rk ed  out  and  do no t  possess NSM. On fu r the r  decrease 
of t e m p e r a t u r e  to  0 ~ in 3-4 days,  no t race  of NSM is 
not iced  in t he  neurosecre to ry  cells and  i t  is diff icult  to  
t race  the i r  out l ines (Figure 7). A t  th is  t empe ra tu r e ,  t he  
ac t iv i ty  in the  neurosecre to ry  ceils is t hus  min imum,  
since no t race  of NSM is seen anywhere  i n - t h e  neuro-  
secre tory  sys tem.  

The aorta,  which  is p rov ided  wi th  a b u n d a n t  NSM at  
28-35~ t e m p e r a t u r e  range (Figure 2), s h o w s  a con- 
s iderable  fall a t  10 ~ (Figure 6). A t  th is  t empera tu re ,  a 
poor  a m o u n t  of NSM is seen in the  aor ta  wall, while a t  
0 ~ i t  is to ta l ly  lacking (Figure 4). 

Fur the r ,  it  has  been  observed  t h a t  a t  0 ~ the  NSM 
disappears  f rom the  neurosecre to ry  cells and  the i r  p a t h -  
ways  in 3-4 days  t ime ,  while a t  10~ i t  takes  abou t  
3 weeks to  get  reduced.  I n  the  la t t e r  case, no difference 
in NSM is observed in 3-4 days  t ime.  I t  indicates  t h a t  the  

Fig. 1. WhoIe mount of the brain (BR) and postcerebral endocrine 
glands, showing the 2 groups of medial'neurosecretory cells (MNC), 
each of them consists of 5 + 5 cells and their neurosecretory path- 
ways (NSP). The 2 nervi corporis cardiaei-1 (NCC-1) pass over the 
paired corpora cardiaea (CC) of the corresponding sides and a medial 
corpus allatum (CA) dorsally and laterally to enter the aorta wall. 
The aorta (AO) loaded with neurosecretory material (NSM) at.room 
temperature is clearly marked out. PAVB in situ, • 65. 

Fig. 3. Dissected pars intercerebralis of the protocerebrum showing 
abundant neurosecretory material in the medial neurosecretory cells 
(MNC) at 35 ~ The neurosecretory pathways (NSP) are also clearly 
seen. PAVB in situ, • 180. 

Fig. 2. Entire aorta (AO) mounted from lateral aspect clearly 
showing the 5 axons (AX) of the 5-mediat neurosecretory cells of 
one side, heavily loaded with neurosecretory material (NSM) at 
room temperature (28~ The entry of nervus corporis cardiaci-1 
in the aorta wall is distinctly revealed (arrow). Further, the corpus 
allatum (CA) can be distinguished which lies ventral to the aorta. 
PAVB in situ, • 260. 

Fig. 4. Whole mount of the aorta (AO) of an individual kept at 0 ~ 
for 4 days. Note the absence of neuroseeretory material in the 
entire organ. (Compare with Figures 1 and 2.) PAVB in situ, • 65. 
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Fig. 5. Dissected pars intereerebralis of the protocerebrum. Note 
great depletion of neurosecretory material (NSM) in the medial 
neuroseeretory cells (MNC) of anindividual kept at 10~ for 
3 weeks. PAVB in situ, • 390. 

Fig. 6. WSole mount of the aorta ~AO) with intact postcerebral 
endocrine glands. Note poor quantity of the neurosecretory material 
(NSM) in the aorta (AO) of an individual kept at 10 ~ for 3 weeks. 
Other structures are the 2 corpora cardiacs (CC) and corpus allatum 
(CA) lying below the aorta. PAVB in situ, • 80. 
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fall in the  ac t iv i ty  grad ien t  in the  neurosecre to ry  cells a t  
lower t e m p e r a t u r e  is more  rapid  t h a n  at  h igher  t empera -  
tures.  

HIGHNAM 6 has shown that the  neurosecre tory  cells a t  
lower t e m p e r a t u r e  become inac t ive  in Mimas tiliae. The 
p resen t  s t u d y  also reveals  t h a t  the  neurosecre tory  cells 
and  the  aor ta  a t  a t e m p e r a t u r e  range of 28-35 ~ show 
a b u n d a n t  NSM, which  gets cons iderably  reduced  at  
10 ~ in 3 weeks. On fu r the r  lowering the  t e m p e r a t u r e  to 
0~ in 4 days,  no t race  of NSM is found  in them.  
Hm~tNAM 0 recorded in the  d iapaus ing  pupa  t h a t  a t  3 ~ 
af ter  4 weeks, t he  NSM is p roduced  ei ther  in slow ra te  
or by  few celts only. He  is of the  opinion t h a t  t he  produc-  
t ion of NSM ceases ab rup t ly  dur ing  the  four th  week at  
low t empera tu re .  In  Nezara viridula a t  10~ af ter  
3 weeks, NSM is found  in the  neurosecre tory  cells and 
aor ta  wall in small  quan t i ty ,  b u t  a t  0 ~ it d isappears  in 
3-4 days  t ime.  The p resen t  obse rva t i ons  are in agreement  
wi th  the  v i e w  of I-IIGtINAM t h a t  a t  low t e m p e r a t u r e  the  
neurosecre tory  ac t iv i ty  decreases.  I t  clearly indicates  
t h a t  t he  low t e m p e r a t u r e  inhibi ts  the  secre tory  ac t iv i ty  
of the  neurosecre tory  cells. 

Since the  e labora t ion  of NSM takes  place th rough  the  
media t ion  of a lka l ine  p h o s p h a t a s e  (TEWARI and AWAS- 
THI) T, pe rhaps  the  low t e m p e r a t u r e  also inhib i t s  t he  
enzyme act iv i ty .  And,  therefore ,  poor  q u a n t i t y  of NS2r 
is p roduced  a t  low t empera tu res .  ANDERSON s has  clearly 
men t ioned  t h a t  t h e  ma jo r i t y  of enzymes  are inac t ive  a t  
0 ~ I t  has  been po in ted  out  by  the  au thor  (AwAsTHI)9 
in Gryllodes sigillatus, t h a t  dur ing the  h ibe rna t ion  
(winter  season), t he  neurosecre to ry  ac t iv i ty  decreases and  
the  neurosecre to ry  cells are grea t ly  reduced in number ,  
concomi tan t  w i th  t he  reduc t ion  in t he  q u a n t i t y  of NSM. 

F u r t h e r  CLARK~ 2 has  recorded s ignif icant  change  of 
NSM in the  corpora  ca rd iacs  of Locusts migratoria at  
d i f ferent  t e m p e r a t u r e  regimes, which  he failed to  f ind in 
the  neurosecre tory  cells of the  brain.  ABRAHAM ~~ has  
recorded for Dytiscus marginalis the  m a x i m u m  produc t ion  
of NSM at  noon a t  14.00h,  while in the  morn ing  a t  
09.00 h i t  is min imum.  Though  he has  no t  discussed the  
reasons for such a var ia t ion,  obviously  i t  m u s t  be  due to  
t he  decrease of t e m p e r a t u r e  in t he  morn ing  hours.  I t  
m a y  be thus  concluded t h a t  t e m p e r a t u r e  is one of the  
pr ime factors  inf luencing the  neurosecre to ry  ac t iv i ty  in 
insects  ~. 

Zusammen/assung. Die neurosekre tor i schen  Zellen und  
die davon  ausgehenden  Nerven  yon  Nezara viridula Linn  
en tha l t en  bei  Zucht  in niedriger  T e m p e r a t u r  b e d e u t e n d  
weniger Neurosekre t  als in N o rma l t emp e ra t u r .  

V. B. AWASTHI 

University o/Gorakhpur, Department o[ Zoology, 
Gorakhpur (India), 8 April  1969 

Fig. 7. Whole mount of the brain of an individual kept at 0~ for 
4 days. Due to the absence of neuroseeretory material, the nenro- 
secretory cells (MNC) are not easiiy discernible. The aorta (AO) is 
also devoid of NSM, PAVB in situ, • 80. 

6 ]4~. C. HIGHNAM, Q. J1. microsc. Sci. 99, 73 (1958). 
H. 13. TEWARI and V. B. AWASTRI, Gen. c0m p. Endocrin. 70, 330 
(1968). 

8 A. K. A~DE~SO~, Essentials o/ Physiological Chemistry, 4th edn. 
(John Wiley & Sons Inc., New York, London 1953). 

9 V. B. AWASTHI, Anat. Anz., in press (1969). 
10 A. ABRAHAM, Acts anat. 65, 435 (1966). 
11 The author is grateful to Prof. H. S. CI~AUDHRu for providing the 

laboratory facilities and encouragement. 


