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The Effect of Electrical Stimulation on the Cephalic Neurosecretory System in the Last 
Instar Nymph of the Dragonfly, 0 rthetrum ch rysis (Selys) (Odonata; Libellulidae ) 

WIGGLESWORTH 1 suggested t h a t  the  abdomina l  dis ten-  
t ion  due to  food in take  causes s t imula t ion  of s t r e t ch  
receptors  which  produces  nerve  impulses  and  f inal ly 
induces release of cerebral  neurosecre tory  mater ia l  
(NSM) in Rhodnius prolixus. CLARKE and LANGLEY 2-4 
repor ted  t h a t  the  s t r e t ch  receptors  in t he  wall  of p h a r y n x  
produce  impulses  which  are t r a n s m i t t e d  to  the  f ronta l  
ganglion and thence  to the  bra in  t h rough  the  f ronta l  
connect ives  and to the  corpora  cardiaca  (CC) t h roug h  the  
hypocerebra l  ganglion. These nerve impulses  release NSM 
from cerebral  l leurosecretory cells (CNC) and CC respec- 
t ive ly  in Locusta migraXoria. In  Schistocerca gregaria 
HIGHNAM et al.5 and  HILL et al.6 conf i rmed the  above 
results  t h rough  s t a rva t ion  and  feeding exper iments .  

GosBEE et  al.7 emphas ized  t h a t  the  axons  of CNC 
conduc t  nerve  impulses,  and electrical  s t imula t ion  leads 
to the release of NSM. F u r t h e r  t he  nervous  contro l  of the  
release of NSM from the  CNS is conf i rmed by  various 
workers  t h rough  electrical s t imula t ion  s-10. I n fo rma t ion  
on dragonf ly  is no t  available.  

The p resen t  inves t iga t ion  is, therefore ,  underLaken to 
elucidate  the  effect  of electrical  s t imula t ion  on the  CNS 
and  the  neurosecre to ry  p a t h w a y  in the  last  ins ta r  n y m p h  
of the  dragonf ly  Orthetrum chrysis. 

The last  ins ta r  n y m p h s  of O. chrysis were collected f rom 
local ponds  in the  m o n t h  of June  and  kep t  in aquar ia  ill 
t h e  l abora to ry  for 1 week. They  were no t  p rov ided  wi th  
any  food. Ef fec t  of electrical  s t imula t ion  on the  CNS 
was s tudied  by  giving electrical  s t imul i  of 2 volts,  3 msec, 
10 c/sec by  fine steel  micro-e lec t rodes  on the  p ro tocerebra l  
region ot the  brain,  a t  the  root  of the  med ian  ocellus and  
the  com pound  eyes for 1, 2, 3, 5 and 10 mill. 5 insects  

were used for each exper iment .  Similar  areas of control  
insects  were pr icked wi th  electrodes w i thou t  p rov id ing  
cur ren t  and sacrificed at  the  same t ime.  The neuro- 
endocr ine  organs were dissected out,  f ixed in Bouin ' s  
fluid immed ia t e ly  and processed for whole m o u n t  
p repara t ions  af ter  s ta in ing  wi th  a ldehyde  fuchsin (AF) 
according t o  the  m e t h o d  of DOGRA and TANDAN 11. 

In  the  s ta rved  last  ins ta r  n y mp h s ,  2 groups of AF-posi-  
r ive neurosecre tory  cells are found  on e i ther  side of a root  
of the  medial  ocellar nerve  in the  al l terodorsal  region of 
the  pars  in tercerebral is  medial is  (Figure 1). They  are 
heavi ly  loaded wi th  the  AF-pos i t ive  NSM. After  1 min 
of electrical  s t imula t ion  (Figure 2), the  neurosecre tory  
p a t h w a y s  become clear due to the  release of NSM 
from the  cells to the i r  axons.  These axons  form 2 d is t inc t  
axonal  t racts .  B o t h  axonal  t rac ts ,  loaded wi th  the  NSM, 
run obl iquely towards  t he  midl ine  and cross over  in- 
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Fig. 1. In situ preparation of the controi showing deeply stained NSM in the cerebral neurosecretory cells (CNC). • 160. 
Fig. 2. In situ preparation showing NSM in CNC, axonal tracts (AT), NCC and CC after stimulation for 1 rain. • 100. 
Fig. 3. In situ preparation showing deeply stained axons (AX) running to the aorta from the CC, after stimulation for 3 min. • 100. 
Fig. 4. In situ preparation showing lack of NSM in neurosecretory cells and pathways, after stimulation for 5 rain. • 80. 
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be tween  the  m u s h r o o m  bodies.  Af te r  fo rming  ch ia sma ta ,  
t h e y  sepa ra t e  f rom one a n o t h e r  and  sweep d o w n w a r d s  
pos te ro -ven t ra l ly ,  and  f ina l ly  emerge  ou t  of t he  b r a i n  in  
t h e  fo rm of 2 f ine nerves ,  t h e  ne rv i  corpor i  ca rd iac i  (NCC). 
The  NCC h a v i n g  the  N S M  en te r  t he  CC f rom the i r  an t e r i o r  
end. 3 m in  a f t e r  s t i m u l a t i o n  v e r y  l i t t l e  q u a n t i t y  of N S M  
is observed  in t he  CNC, a x o n a l  t r a c t s  a n d  NCC, b u t  
t he  axons  r u n n i n g  to t he  a o r t a  f rom pos te r io r  end  of the  
CC, s t a in  in tense ly  (Figure  3). T he  N S M  does n o t  re lease 
in to  t he  wal l  of a o r t a  b u t  d i r ec t ly  in to  i ts  lumen.  The  
N S M  is lack ing  f rom t he  en t i r e  CNS af te r  5 or 10 mil l  of 
s t i m u l a t i o n  (Eigure 4). 

E lec t r ica l  s t imu la t ion ,  e i the r  t h r o u g h  opt ic  lobes, 
m e d i a n  ocellus or  d i rec t ly  on  t h e  pa r s  in t e rce rebra l i s  does 
no t  show a n y  dif ference;  p rac t i ca l ly  atl  h a v e  t he  same 
result .  

The  e lectr ical  s t i m u l a t i o n  on  t i le  b r a i n  d e m o n s t r a t e s  
several  in t e res t ing  po in t s  w o r t h y  of discussion.  The  
electr ical  s t imulus  a r iz ing  a t  a n y  p a r t  of t h e  b r a i n  causes  
release of t he  N S M  f rom neurosec re to ry  cells of t he  b ra in .  
I t  t h u s  conf i rms  t he  obse rva t ions  of ear l ier  workers  t h a t  
tile release of N S M  f rom t he  CNC is u n d e r  tile con t ro l  of 
ne rvous  e lectr ical  s t imul i .  

I n  m o s t  of the  insects ,  t h e  CC are m a i n  n e u r o h a e m a l  
organs  1~-~, whi le  in  some H e m i p t e r a  15-1s on ly  t he  
ao r t a  func t ions  as a n e u r o h a e m a l  organ.  In  these  insects,  
t he  axons  of ce rebra l  N SC  t e r m i n a t e  no t  in  t he  CC b u t  in  
t he  a o r t a  wal l  d i rec t ly  and  N S M  stores in  t he  a o r t a  wall. 
On the  o the r  h a n d ,  in  some o r t h o p t e r o i d  insec ts  ~9 and  
Calliphora ~~ t h e  a o r t a  func t ions  as a s econda ry  neuro-  
h a e m a l  organ.  I n  the  p r e s en t  s tudy ,  i t  h a s  been  obse rved  

t h a t  some axons  f rom the  CC pass  in to  t he  a o r t a  and  
the re  is no d ischarge  of N S M  in i ts  wall, b u t  i t  is d i rec t ly  
d i scharged  in to  the  l umen  of t he  aor ta .  Thus,  t he  ao r t a  
here  serves  as on ly  a re leas ing s i te  for  t h e  cerebra l  NSM 
and  no t  as a s torage  organ,  and  the re fore  t he  func t i on  of 
t he  a o r t a  in  t he  las t  i n s t a r  n y m p h  of Orthetrum chrysis 
differs f rom t h a t  of o the r  insects.  

Rdsumd. L'e f fe t  de la s t i m u l a t i o n  * lec t r ique  sur  le 
sys t+me neuros6cr6to i re  c~r6bral  de la l a rve  d'Orthetrum 
chrysis r6v61e que la neuros6cr6 t ion  c6r6brale est  em- 
magas in6e  dans  les corps ca rd iaques  et  qu 'e l le  est  d6- 
charg6e d i r e c t e m e n t  dans  l ' aor te .  
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PRO E X P E R I M E N T I  S 

Artificial Feeding of Simuli ids  (Simulium venustum): Factors Associated with Probing and Gorging 

Simuli ids  (Diptera ,  Simuli idae)  are of consequence  t o  
h u m a n  welfare  as nox ious  pes t s  a n d  as vec tors  of h u m a n  
a n d  a n i m a l  disease agents ,  n o t a b l y  t he  b l i nd ing  f i larial  
worm,  Onchocerca volvulus. Despite.  t he i r  impor t ance ,  
knowledge  of t h e  m e c h a n i s m s  a n d  fac tors  assoc ia ted  w i t h  
b lood feeding in s imul i ids  is wan t ing .  O the r  workers  h a v e  
fed s imul i ids  on  c o t t o n  bal ls  soaked w i t h  dext rose  and  
de f i b r i na t ed  blood t a n d  on  whole  b lood t h r o u g h  skins  of 
young  ra t s  a n d  chicks  ~, 8. These  procedures ,  however ,  do 
no t  lend t h e m s e l v e s  to  s tudies  w i t h  chemica l ly  def ined 
med ia  a n d  t he  skin  m e m b r a n e s  are di f f icul t  to  prepare .  
Herein ,  we descr ibe  a s imple  and  c o n v e n i e n t  t e c h n i q u e  

a I 

Diagram of artificial feeding chamber, a) right angle glass tube; 
b) membrane surface; c) rubber ring for attachment of membrane; 
d) side of plexiglass well. 

for feeding s imul i ids  t h r o u g h  inexpens ive ,  commerc ia l ly  
avai lable ,  l a t ex  m e m b r a n e s  a n d  p re sen t  p r e l i m i n a r y  
evidence  t h a t  h e a t  is a n  essent ia l  f ac to r  in  i nduc ing  
p rob ing  a n d  t h a t  adenos ine  t r i p h o s p h a t e  and  adenos ine  
d i p b o s p h a t e  are gorging s t imu lan t s .  

Tile feeding c h a m b e r s  used are a modi f i ca t ion  of those  
deve loped  b y  FRIEND and  CARTWRIGHT ~ for feeding 
Rhodnius prolixus. E a c h  c h a m b e r  consis ts  of a plexiglass  
well  w i t h  an  a t t a c h e d  r i g h t  angle  glass t u b e  t h r o u g h  which  
t e s t  so lu t ions  are i n t r o d u c e d  (Figure).  A l a t ex  m e m b r a n e  
(Sheik  | regular  p rophylac t i cs )  is f i t t ed  over  the  well and  
secured b y  a r u b b e r  r ing.  The  c h a m b e r s  are h e a t e d  on a 
slide warmer .  The rmocoup le s  are inse r ted  in to  the  well  
t h r o u g h  t he  glass t u b e  a n d  t he  t e m p e r a t u r e  of t h e  t e s t  
so lu t ion  mon i to r ed  w i t h  a Leeds  a n d  N o r t h r u p  | t empe r -  
a tu re  po t en t i ome te r .  

I n  our  expe r imen t s  female  Simulium venustum Say 
were c a u g h t  ind iv idua l ly  in via ls  as r i ley l a n d e d  on a 
h u m a n  subject .  E a c h  via l  was  i n v e r t e d  on  t he  m e m b r a n e  
for 5 m in  du r ing  which  t i m e  t he  flies were obse rved  as to  
w h e t h e r  t h e y  p robed  a n d  gorged. S tudies  were conduc t ed  
a t  t he  W'fldlife Resea rch  S ta t ion ,  Algonqu in  Park ,  Ontar io ,  
Canada .  Signif icance of r e su l t s  was d e t e r m i n e d  us ing  the  
Z- tes t .  

The  response  of s imul i ids  to  hos t s  can  be  d iv ided  in to  
4 genera l  phases  a) ac t iva t ion ,  b) o r i en t a t i on  to  and  
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