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mines~S,x6; the signs of sympathetic  act ivation in the 
heart  3,~ have already been mentioned. I t  has recently 
been shown 8 tha t  the cardiac catecholamine stores are not 
reduced during hypothermia if the animals have under- 
gone sympathectomy according to the present procedure 
immediately before cooling. I t  can therefore be assumed 
that  the reduction of cardiac catecholamines during 
hypothermia requires an intact  sympathetic  neuron link 
to the heart. Hence, i t  seems tha t  the decrease in cardiac 
noradrenaline registered in the present sympathectomized 
animals (Table) reflects a decrease caused mainly by the 
denervation rather than by the additional hypothermia.  
For this reason, the percental decrease in noradrenaline 
of the hearts in the Table has been calculated from the 
values obtained in the normothermic, methoxamine- 
treated group of animals. 

Since the reduction in cardiac noradrenaline was 
generally more pronounced in the 3-day group (Table), it 
appears tha t  cardiac noradrenaline continues to decrease 
also beyond the second day after sympathectomy. In 
view of these considerations it is obviously impossible to 
correlate the catecholamine level remaining in the heart 
2-3 days after sympathectomy to the frequency of 
ventricular fibrillation during deep hypothermia. For 
example, i t  is probable that  denervation in the 3 surviving 
animals from the 2-day group has been more complete 
than indicated by the noradrenaline figures (55, 68 and 
73% reduction), and tha t  the amount  of cardiac nor- 
adrenaline representing intact sympathetic  nerves was in 
fact lower. 

The frequency of ventricular fibrillation during hypo- 
thermia is considerably lower in animals subjected to 
sympathectomy by the same operation procedure immedi- 
ately before cooling, even though the level of cardiac 
noradrenaline remains unchanged s Hence, there is strong 
reason to believe tha t  the high rate of ventricular fibril- 
lation in the present series - in spite of a pronounced 
reduction of the cardiac noradrenaline concentration - is 
caused by the progressive development of supersensitivity 
of the myocardial receptors after denervat ion6 The fact 
that  the surviving 5 animals (Table) had the lowest 
noradrenaline concentration in the 2-day and 3-day 
groups, respectively, indicates tha t  the denervation has 
been most complete in these animals. I t  is therefore con- 
ceivable that  tile progressive supersensitivity of the myo- 
cardial receptors to eatecholamines released from the in- 
tact  cardiac adrenergic nerves has been tke most impor- 
tan t  factor in the development of ventricular fibrillation 
in animals subjected to hypothermia 2-3 days following 

cardiac sympathectomy. If circulating catecholamines 
from other parts of the sympatho-adrenal system had 
been of any importance in the supersensitivity mechanism 
it could have been expected that  all animals should have 
developed ventricular fibrillation under the present con- 
ditions. 

In conclusion, the present series of experiments show 
that  hypothermia per se results in a reduction in cardiac 
noradrenaline, probably by a central activation mecha- 
nism. Attempts  to reduce the cardiac noradrenaline stores 
through sympathectomy 2 or 3 days before cooling does 
not afford any significant protection against spontaneous 
ventricular iibrillation. This is probably due to the rapid 
development of supersensitivity of the myocardium to 
catecholamincs, notably the noradrenaline released from 
the cardiac adrenergic nerves if the denervation has not 
been sufficiently conlplete 18. 

Zusammen/assung. Versuche mit  Katzen haben gezeigt, 
dass Hypothermie in einer Reduzierung des Noradrena- 
lingehaltes im Herzen resultiert (zentrale Aktivierung). Der 
Versuch, den Noradrenalingehalt im Herzen durch Sym- 
pathektomie 2 oder 3 Tage vor Unterkiihlung zu redu- 
zieren, ergibt aber keinen signifikanten Schutz gegen 
spontanes Ventrikelflimmern. Dieses Verhalten beruht  
wahrscheinlich auf der schnellen Entwicklung der Emp- 
findlichkeitssteigerung des Myokards gegeniiber Katechol- 
aminen und besonders Noradrenalin, das yon adrenergen 
Herznerven freigesetzt wird (bei unvollst~ndiger Dener- 
vierung). 
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Detection of Antibody and Antigen in the Milkweed Bug, Oncopeltusfasciatus 

Most of the at tempts  to demonstrate antibody produc- 
tion in insects have been with microorganisms or particu- 
late antigens and the tests have been the standard 
serological ones 1-~. I~AI~ION and SHULOV 4 immunized 
locusts with scorpion venom bnt  they could not demon- 
strate any antibody production. 

We have used 2 complex soluble antigen systems, rabbit  
serum or goat globulin, and 2 very sensitive detection 
tools, the fluorescent antibody technique s and the 
Ouchterlony technique 6, in an a t tempt  to detect antibody 
production and to trace the fate of the antigen in the 
large milkweed bug, Oncopeltus [asciatus (Dallas). The 
antigen injection was ahvays given with a microinjector 

and a 30 gauge needle at the base of a metathoracic leg 
of an insect which was 24 h past the molt  into the last 
nymphal  stadium. The control insects were injected with 
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0.7% saline. All insects  were  a n e s t h e t i z e d  w i t h  CO2 and  
b led  or sacrif iced 24 h a f te r  t he  in jec t ion.  

T h e  smear s  a n d  t i ssue  sec t ions  were  examined  for  
f luorescence w i t h  an  AO F luo ros t a r  microscope  a n d  a 
F luoro lume  i l lumina tor  w i th  a 200 w a t t  m e r c u r y  arc  
lamp.  An AO exc i te r  f i l ter  No. 693, which  t r a n s m i t t e d  
l ight  w i t h  a wave - l eng th  of 325 nm,  and  a bar r ie r  f i l ter  
No. 706 were  used. 

The  m e t h o d s  used for t he  de t ec t ion  of a n t i b o d y  are 
s u m m a r i z e d  in Table  I. W e  p r epa red  t h e  f iuorescein-  
r a b b i t  se rum 7 a n d  in some cases  we adso rbed  i t  w i t h  
t i ssue  p o w d e r  s p r e p a r e d  f rom mi lkweed  bugs  in o rde r  to  

Table I. Methods used to detect antibody production in the milkweed 
bug 

Antigen Hemo- Frozen Paraffin Detection 
injected lymph sections n sections TM method 

smears 

Rabbit serum 

2 [zl × × Fluorescein-rabbit 
serum 

0.1 ~tl × × Adsorbed fluoreseein- 
rabbit serum 

5y.l Ouchterlony at 24 h 
1 ~xl Ouchterlony at 24 h 

0.1~1 Ouchterlony at 24 h 

Table 11. Methods used to detect injected antigens in the nfilkweed 
bug 

Antigen Hemo- Frozen Paraffin Detection 
injected lymph sections sections method 

smears 

Fluorescein-goat globulin 

2 ~tl × × Direct microscopic 
examination 

Rhodamine-rabbit serum 

5 [xl × Direct nficroscopie 
examination 

6 [zl a × Direct microscopic 
examination 

7 ~zl a × × Direct microscopic 
exanfin ation 

10 [xl × Direct microscopic 
examination 

Rabbit serum 

2/xl × Stained with 
fluoreseein- 
antirabbitglobulin 

0.1 [zl Ouchterlony, 197 h 
5 p.1 Ouehterlony, 197 h 

Fluorescein-rabbit serum 

5~1 Excreta 
10txl Excreta 

a Concentrated 3 times. 

decrease  non-specif ic  s ta ining.  The Ouch te r lony  t e s t s  were  
c o n d u c t e d  w i t h  h e m o l y m p h  f rom t h e  in jec ted  bugs  and  
r a b b i t  serum.  No specific f luorescence was  seen on a n y  of 
t h e  p r e p a r a t i o n s  and  all t h e  Ouch te r lony  t e s t s  were  
negat ive .  

The  fa te  of t he  in jec ted  an t igen  was  fol lowed wi th  
t i ssue  sections,  b lood smears ,  exc re ta  s tudies  and  Ouch-  
t e r lony  t e s t s  (Table II) .  The  I luorescein-goat  globulin was  
pu rchased  (Nut.  ]3iochem. Corp., Cleveland) ; the  fluores- 
ce in - rabb i t  se rum and  the  r h o d a m i n e - r a b b i t  se rum were  
con juga t ed  in our  l a b o r a t o r y L  The  r h o d a m i n e - r a b b i t  
s e rum was  c o n c e n t r a t e d  w i t h  a Schle icher  a n d  Schuel l  
Collodion Bag  Suct ion  Appa ra tu s .  F o r  t he  exc re t a  s tudies ,  
each  bug was  in jec ted ,  anes the t i z ed  wi th  CO, a n d  a t t a c h e d  
by  i ts  dorsa l  t h o r a x  to  an  app l i ca to r  s t ick wi th  beeswax.  
The bugs  were  t h e n  f ixed in place over  pieces of f i l ter  
p a p e r  wh ich  absorbed  all the i r  excre t ions .  The  bugs  had  
access to  w a t e r  b u t  no food dur ing  the  collect ion period.  
Af te r  24 h t he  f i l ter  paper s  were  e x a mi n e d  for f luorescence 
wi th  a p o r t a b l e  UV- l igh t  (2537 _~). 

No  f luorescence was  d e t e c t e d  in  t h e  t issues sect ions,  
b lood smear s  or excre ta .  

F o r  d e t e r m i n i n g  how long t h e  an t igen  r e m a i n e d  in t h e  
h e m o l y m p h ,  8 bugs  were  bled (and sacrificed) a t  24 h 
in te rva l s  a f t e r  in jec t ion  for  t h e  d u r a t i o n  of t he  f i f th  
s t ad ium.  O u c h t e r l o n y  p la tes  were  p r e p a r e d  w i t h  hemo-  
l y m p h  f rom each bug and  goa t  a n t i r a b b i t  globulin (Nut. 
Biochem.  Corp.). The  p la tes  showed t h a t  t h e  r a b b i t  se rum 
was  p r e s e n t  in t he  h e m o l y m p h  t h r o u g h o u t  t he  f i f th  
s t a d i u m  (197 Ix). In  some cases t he  in jec ted  bugs  were 
al lowed to  m o l t  to  t he  adu l t  b u t  t he  r a b b i t  se rum could 
no t  be d e t e c t e d  a f te r  t h e  mol t .  

I n  s u m m a r y ,  we h a v e  e x t e n d e d  the  work  on i m m u n o -  
logical responses  of an  insec t  to  inc lude  the  use of soluble 
ant igens .  ~Ve have  used the  sens i t ive  f luorescent  m e t h o d s  
wh ich  have  n o t  been  used prev ious ly  to  d e t e c t  an t ibodies  
in insects  (a l though KRY'vVIENCZYK 9 and  SINHA a n d  
REDDY ~° used t h e m  to  de t ec t  v i ruses  in insects) ,  and  we 
h a v e  shown  t h a t  the  an t igen  remains  in t he  h e m o l y m p h  
for an  e x t e n d e d  per iod  of t ime.  Our  nega t ive  resul ts  
co r robora te  t he  resul ts  of o the r s  in sugges t ing  t h a t  con- 
ven t i ona l  an t ibod ies  p r o b a b l y  do n o t  ex is t  in insects  ~3. 

Zusammen/assung. Mit Hilfe  de r  F l u o r e s z e n z ma r k i e r u n g  
yon  P r o t e i n e n  und  Ouch te r lonys  Me thode  wurde  fest-  
gestell t ,  dass  I n s e k t e n  keine Immuni t~i t  bes i tzen ;  Blu t -  
se rum des K a n i n c h e n s  bl ieb w~ihrend 197 h i m  t t ~ m o -  
l y m p h  der  Insek ten .  
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