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r eac t i ons  to  h a n d h n g  of t h e  a n i m a l s  ou t s ide  t h e  c h a m b e r .  
Th i s  c i r c u m s t a n c e  m e a n s  t h a t  t he  oxygen  c o n s u m p t i o n  
a f t e r  doses lower  t h a n  a p p r o x i m a t e l y  0.8 m g / k g  b o d y  
we igh t  c an  no  longer  m a n i f e s t  itself, because  i t  does  n o t  
exceed  t h e  increase  caused  b y  t he  a d a p t a t i o n  r eac t i on  to  
t h e  i n t e r v e n t i o n .  T h e  l im i t  of m a x i m u m  oxygen  c o n s u m p -  
t i on  a f t e r  t h e  i n j ec t i on  is d i s t i n c t l y  m a r k e d  on ly  for  
h ighe r  doses  in  t h e  g roups  of n o r m a l  mice,  whi le  in  t h e  
ha i r less  a n i m a l s  t h e  p l a t e a u  is i nd i s t inc t .  Af t e r  th i s  h ighe r  
dose, a b o u t  40% m o r t a l i t y  of a n i m a l s  in  all 3 g roups  
occurs  on  the  second to  t he  t h i r d  d a y  a f t e r  t he  in jec t ion .  
The  d i f ference  in ha i r ines s  m a n i f e s t s  i tself  in  t h e  r eac t i on  
to  n o r a d r e n a l i n e  p r i m a r i l y  in  t he  ach i eved  m a x i m u m  in- 
crease in oxygen  c o n s u m p t i o n  ove r  t h e  n o r m a l  a n i m a l s  
k e p t  a t  24 °C a n d  also over  t h e  a n i m a l s  a d a p t e d  to  17 °C 
(p < 0.05), whe re  t h e  s l igh t  excess ove r  t h e  n o n - a d a p t e d  
g roup  is on ly  ins ign i f i can t ly  ind ica ted .  T h e  more  m a r k e d  
r eac t i on  of t he  ha i r less  a n i m a l s  co r re sponds  to  t h e  f ind-  
ings  4-6 t h a t  a d a p t a t i o n  to cold, a c c o m p a n i e d  b y  a s imul-  
t a n e o u s  e l e v a t i o n  of t h e  r e s t  va lues  of r e s p i r a t o r y  m e t a b -  
olism, causes  a mul t i fo ld  h ighe r  calor igenic  effect  of nor -  

ad rena l ine .  Owing  to  t h e  r ap id  f ad ing  of t he  reac t ion ,  t he  
ques t i on  r e m a i n s  h o w  m u c h  h i g h e r  is t h e  dose necessa ry  
for  p r o d u c i n g  t h e  m a x i m u m  effec t  in mice  t h a n  in  r a t s  or  
guinea-pigs ,  where  i t  is 0 .2-0.4 mg/kg .  

Un l ike  r a t s  or  gu inea-p igs  i t  h a s  b e e n  found  t h a t  in  
mice  t he  ca lor igenic  effect  of n o r a d r e n a l i n e  is v e r y  
i n t e n s i v e  also in a d u l t  ind iv idua ls .  I n  r a t s  k e p t  a t  25 °C, 
JA, NsK~ et  al. 4 r e p o r t  a n  e l eva t i on  of 25%,  whi le  in  a d u l t  
gu inea-p igs  k e p t  a t  30 °C t h e  increase  lies a b o u t  20% o v e r  
t h e  va lue  in  t h e  t h e r m o n e u t r a l  zone ~. I n  t h e  a d u l t  mice  
m e a s u r e d  b y  us t h e  % excess  ove r  t he  v a l u e  in  t h e  
t h e r m o n e u t r a l  zone a f t e r  a dose of 1.6 m g / k g  for  mice  of 
t he  H s t r a i n  k e p t  a t  24 °C m a k e s  155%,  for  H - s t r a i n  mice  
a d a p t e d  to  17°C 170%, a n d  for ha i r less  a n i m a l s  195%.  
T h e  q u e s t i o n  ar ises  how t h e  m e t h o d  of a d m i n i s t e r i n g  
no rad rena l i ne ,  w h i c h  h a d  b e e n  appl ied  i .m. in  t h e  cases -  
ci ted,  in f luences  t h e  overa l l  r eac t ion .  I t  a p p e a r s  t h a t  
owing  to  t h e  a s soc ia t ion  b e t w e e n  t he  r e sponse  to  nor -  
a d r e n a l i n e  a n d  t he  e x t e n t  of n o n - s h i v e r i n g  h e a t  p roduc -  
t ion,  d e m o n s t r a t e d  d i s t i n c t l y  in  gu inea-p igs  5, t h e  i n t en -  
s i ty  of n o n - s h i v e r i n g  h e a t  p r o d u c t i o n  in a d u l t  mice reaches  
m a r k e d ] y  h i g h e r  va lues  c o m p a r e d  w i t h  o t h e r  m a m m a l s .  
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Oxygen consumption before and after i.p. injection of L-noradrena- 
line in nlice. [2---[Z Hairless (1.6 mg/kg); A - - A  normal adapted 
to 17°C (1.6 mg]kg); © .... © normal kept at 24°C (1.6 mg/kg); 

normal kept at 24°C (0.8 mglkg); • controls (distilled 
water) ; ~ controls (needle prick only). 

Zusammenfassung. Bei  a u s g e w a c h s e n e n  M~usen  w u r d e  
n a c h  i.p. N o r a d r e n a ] i n i n j e k t i o n  die S t e i g e r u n g  de r  O,- 
A u f n a h m e  f iber  den  G r u n d u m s a t z  in  de r  T h e r m o n e u t r a l -  
zone verfolgt .  N a c h  e iner  Dosis  von  1,6 m g / k g  w u r d e  e in  
b e d e u t e n d e r  U n t e r s c h i e d  (p < 0,05) de r  O2-Aufnahme-  
s t e ige rung  zwischen  der  G r u p p e  n o r m a l e r  (155%) u n d  
no rma le r ,  auf  17°C a d a p t i e r t e r  MiSuse (165%) u n d  de r  
G r u p p e  haa r lo se r  M/iuse (195%) fes tges te l l t .  
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Effect of Cardiac Catecholamine Depletion Through Sympathectomy on Spontaneous Ventricular 
Fibrillation During Induced Hypothermia in Cats 

M u c h  ev idence  ha s  a c c u m u l a t e d  to  show t h a t  t he  
s y m p a t h e t i c  ne rves  are h igh ly  i n v o l v e d  in  t h e  s p o n t a n e o u s  
d e v e l o p m e n t  of v e n t r i c u l a r  f ibr i l la t ion ,  a c o m m o n  com- 
p l i ca t ion  d u r i n g  i nduced  deep  h y p o t h e r m i a  in h o m e o -  
t h e r m i c  m a m m a l s .  Thus ,  b lockade  of t h e  ad rene rg ic  
n e u r o n s  w i t h  b r e t y l i u m : ,  dep le t ion  of t h e  n e u r o n a l  nor-  
a d r e n a l i n e  s to res  w i t h  p r e n y l a m i n e  ~,a or r e se rp ine  4, a n d  
b lockade  of t h e  ad rene rg ic  f l - receptors  w i t h  I N P E A  5 
ef fec t ive ly  p r e v e n t s  t h e  s p o n t a n e o u s  v e n t r i c u l a r  f ibr i l la-  
t i on  c o n s t a n t l y  deve lop ing  in  u n t r e a t e d  ca t s  s u b j e c t e d  to  
h y p o t h e r m i a  to  a b o u t  21 °C b o d y  t e m p e r a t u r e .  

I n  t h e  p r e s e n t  series of expe r i m en t s ,  a n  a t t e m p t  was  
m a d e  to  o b t a i n  a m o r e  l imi t ed  i n t e r f e r ence  w i t h  t h e  
ad rene rg ic  m e c h a n i s m s  b y  w a y  of ca rd iac  s y m p a t h e c t o m y .  

I n  de ta i l ed  i n v e s t i g a t i o n s  on  t h e  s y m p a t h e t i c a l l y  inne r -  
v a t e d  n i c t i t a t i n g  m e m b r a n e  of t h e  cat ,  i t  h a s  b e e n  
d e m o n s t r a t e d  t h a t  t he  d e n e r v a t i o n  s u p e r s e n s i t i v i t y  s t a r t s  
to  bu i ld  up  d u r i n g  t h e  f i r s t  2 d a y s  fo l lowing ope ra t ion ,  
a c c o m p a n y i n g  t he  progress ive  d e g e n e r a t i v e  changes  a n d  
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loss of t r a n s m i t t e r  in  t h e  ad rene rg ic  n e r v e  t e r m i n a l s  ~. 
Thus ,  in  o rde r  to  o b t a i n  a r e a s o n a b l e  r e d u c t i o n  of t h e  
n o r a d r e n a l i n e  s tores  of t h e  h e a r t  w i t h  as l i t t l e  super -  
s e n s i t i v i t y  of t h e  e f fec tor  cells as  possible ,  t h e  a n i m a l s  
were  cooled s h o r t l y  (2-3  days)  a f t e r  t h e  ope ra t ion .  

3Iethods. 18 a d u l t  ca t s  of  e i t h e r  sex, we igh ing  2.2-4.5 kg, 
were  s y m p a t h e c t o m i z e d  b y  b i l a t e r a l  excis ion of t h e  sym-  
p a t h e t i c  cha ins  b e t w e e n  a n d  inc lud ing  t he  super io r  cer- 
v ical  a n d  s te l l a te  gang l ia  v,s u n d e r  n e m b u t a l  a n a e s t h e s i a  
(30 m g / k g  i.p.). 2 or  3 days  l a t e r  t h e  a n i m a l s  were  
a n a e s t h e t i z e d  as above ,  a n d  cooled b y  s u b m e r s i o n  in  a n  
i ce -wate r  b a t h  3. Ar t e r i a l  b lood  pressure ,  ECG,  r e s p i r a t i on  
a n d  rec ta l  t e m p e r a t u r e  were  c o n t i n u o u s l y  recorded.  T h e  
a n i m a l s  were  g iven  ar t i f ic ia l  r e s p i r a t i on  b y  a p u m p  
r e s p i r a t o r  w h e n  ind ica ted .  M e t h o x a m i n e  (Vasoxine,  
B u r r o u g h s  We l l come  & Co.; 0.4 m g / m l  of 0 .9% saline) 
was  a d m i n i s t e r e d  i n t e r m i t t e n t l y  in to  t h e  a r t e r i a l  c a t h e t e r  
to  m a i n t a i n  t h e  b lood  p ressu re  a b o v e  60 m m  H g  a t  
r educed  b o d y  t e m p e r a t u r e s  a,5. M e t h o x a m i n e  was  p a r t i c u -  
l a r l y  chosen  because  i t  se lec t ive ly  ac t s  u p o n  t h e  ad rene rg ic  
e - r ecep to r s  a n d  h a s  l i t t l e  ca rd i ac  s t i m u l a n t  p roper t i e s .  
T h o s e  a n i m a l s  no t  deve lop ing  v e n t r i c u l a r  f ib r i l l a t ion  were  
r e - w a r m e d  to  n o r m o t h e r m i a  in  w a r m  wate r .  10 u n o p e r a t e d  
con t ro I  a n i m a l s  were  s u b j e c t e d  to  h y p o t h e r m i a  in  t h e  
s a m e  way.  

W h e n  t h e  e x p e r i m e n t s  were  f in ished,  t h e  a n i m a l s  were  
b led  a n d  t h e  h e a r t  was  r e m o v e d  for  f luo r ime t r i c  de te r -  
m i n a t i o n  of n o r a d r e n a l i n e  9a°. 

I n  o rde r  to  d e t e r m i n e  a n y  effect  of m e t h o x a m i n e  on  
t h e  ca rd iac  n o r a d r e n a l i n e  stores,  5 an i m a l s  were  anaes -  
t h e t i z e d  w i t h  n e m b u t a l  (30 m g / k g  i.p.) a n d  s lowly in j ec t ed  
i n t r a - a r t e r i a l l y  w i t h  a t o t a l  of 1.2 m g  m e t h o x a m i n e  
(cf. Tab le )  a f t e r  w h i c h  t h e y  were  m a i n t a i n e d  a t  n o r m o -  
t h e r m i a  for  21/2 h ( co r respond ing  to  t he  cool ing t i m e  in 
t h e  h y p o t h e r m i a  expe r imen t s )  a n d  t h e n  ki l led b y  bleeding.  
6 a n i m a l s  ki l led i m m e d i a t e l y  a f t e r  i n d u c t i o n  of t h e  nem-  
b u t a l  a n a e s t h e s i a  se rved  as cont ro ls .  T h e  h e a r t  t i s sue  was 
p r e p a r e d  for f luo r ime t r i c  ana lys i s  9,~°. 

.Results and discussion. All u n o p e r a t e d  con t r o l  a n i m a l s  
deve loped  v e n t r i c u l a r  f ib r i l l a t ion  a t  a m e a n  r ec t a l  t e m -  
p e r a t u r e  of 20.5 ~ 0.5°C (S.E.M.) in  a g r e e m e n t  w i t h  
p r e v i o u s  series of e x p e r i m e n t s  on  a n i m a l s  rece iv ing  
no  p r e t r e a t m e n t  ~,~-5,s A r h y t h m i c  ca rd iac  a c t i v i t y  cou ld  
be  r a p i d l y  r e s to red  b y  t h e  i n t r a - a r t e r i a I  a d m i n i s t r a t i o n  of  
t he  ad rene rg ic  f l -blocking a g e n t  I N P E A  s,lI (20 m g  of t h e  
D ( - -  ) - form to  each  an imal ) .  7 of t he  a n i m a l s  h a d  to  rece ive  
m e t h o x a m i n e  in a m o u n t s  v a r y i n g  b e t w e e n  0.4-2.0 m g  to  
m a i n t a i n  a n  a d e q u a t e  b lood  pressure  a t  r educed  b o d y  
t e m p e r a t u r e  (Table).  

F i v e  of t h e  8 a n i m a l s  cooled 2 days  a f t e r  s y m p a t h e c -  
t o m y ,  a n d  8 of t h e  10 a n i m a l s  cooled 3 days  pos tope ra -  
t ive ly ,  deve loped  v e n t r i c u l a r  f ibr i l la t ion .  T h e  t ib r i l l a t ion  
t e m p e r a t u r e  of t h e  2 -day  g roup  (21.7 + 0.2°C) was 
s ign i f i can t ly  h i g h e r  (0.02 < P < 0.05) t h a n  t h a t  in  t h e  
con t ro l  g r o u p ;  t h e  t e m p e r a t u r e  of t h e  3-day a n i m a l s  
(20.9 =k 0.6 °C) did  n o t  differ  s t a t i s t i ca l ly  f rom t h e  con t ro l s  
( P  > 0.05). As w i t h  t h e  u n o p e r a t e d  con t ro l  an imals ,  
t r e a t m e n t  w i t h  I N P E A  reve r sed  t h e  f ib r i l l a t ion  i n t o  
r h y t h m i c  h e a r t  a c t i v i t y .  T h e  a n i m a l s  t h a t  d id  n o t  f ibri l -  
l a t e  were  r e - w a r m e d  to  n o r m o t h e r m i a  w i t h o u t  compl ica -  
t ions .  T h e  t o t a l  a m o u n t  of  m e t h o x a m i n e  g iven  to  each  
a n i m a l  is s t a t e d  in t h e  Table .  

T h e  f luo r ime t r i c  d e t e r m i n a t i o n s  of ca rd iac  n o r a d r e n a -  
l ine  (Table) r evea led  t h a t  a d m i n i s t r a t i o n  of m e t h o x a m i n e  
a lone  to  anae s the t i z ed ,  n o r m o t h e r m i c  a n i m a l s  did  n o t  
s ign i f i can t ly  a f fec t  t h e  n o r a d r e n a l i n e  c o n c e n t r a t i o n  
(_P > 0.05). Howeve r ,  cool ing of t he  an i m a l s  p r o d u c e d  a 
s ign i f i can t  r e d u c t i o n  (0.02 < P < 0.05) in  ca rd iac  nor-  
a d r e n a l i n e  b y  39%,  w h i c h  agrees  w i t h  p rev ious  obse rva -  

t ions  t h a t  cold exposu re  e n h a n c e s  t h e  c a t e c h o l a m i n e  
release f rom t h e  h e a r t  s,~2. 

T h e r e  is m u c h  ev idence  t h a t  a cons ide rab le  s y m p a t h e t i c  
a c t i v a t i o n  t a k e s  p lace  d u r i n g  i n d u c t i o n  of  h y p o t h e r m i a .  
Thus, a n i m a l s  w i t h  a n  i n t a c t  s y m p a t h o - a d r e n a l  s y s t e m  
show a m a r k e d  increase  in Mood p re s su re  u p o n  s u b m e r s i o n  
i n to  t h e  i ce -wa te r  bath 1,a-5,8, a n d  cool ing p roduces  a n  
a u g m e n t e d  o u t p u t  of c a t e c h o l a m i n e s  f r o m  t h e  a d r e n a l  
m e d u l l a  ~3,x4 a n d  a n  increase  in  c i r cu l a t i ng  ca techo la -  

Synopsis of the lowest rectal temperature reached, rate of ventricular 
fibrillation, amount of nlethoxamine adnfi:nistered, and level of 
cardiac noradrenaline in animals from the various groups 

Lowes t  V e n t r i c u l a r  M e t h o x a m i n e  Card iac  nor -  % de- 
temperature fibrillation (mg) adrenaline crease~ 
reached ([zg/g) 

N o r m o t h e r m i e ,  u n t r e a t e d  
- - - 1 . 3 7  4 -  0.10 

Normothermie, methoxamine 
- - 1.2 1.46 ~ 0.16 

Cooled con t ro l  a n i m a l s  

20.5 =L 0.5 Yes  0 - 2 . 0  

S y m p a t h e c t o m i z e d  2 days ,  cooled 

0,90 212 0.17 39 

17.6 No 1.2 0.40 73 
17.6 No 1.6 0.46 68 
17.6 No 0.8 0.65 55 
21.9 Yes - 0.84 42 
21.6 Yes 0.8 1.02 30 
23.4 Yes 1.2 1.21 17 
22.2 Yes - 1.57 0 
19.2 Yes 0.8 - 0 b 

Sympathectomized 3 days, cooled 
16.9 No 1.2 0.06 96 
17.7 No  1.2 0.06 96 
20.8 Yes  0.8 0.10 93 
22.2 Yes  - 0.13 91 
23.0 Yes  1.2 - 90 b 
21.0 Yes - 0.45 69 
21.0 Yes  1.2 0.62 58 
18.0 Yes 1.0 - 50 b 
22.0 Yes 1.8 - 50 b 
19.2 Yes 1.2 0.76 48 

Calcu la t ed  f r o m  the  m e a n  va lue  of c a r d i a c  n o r a d r e n a l i n e  in  t he  
group of normothermic, methoxamine-treated animals (see text). 
b No fiuorimetrie determinations available. No. of nerves remaining 
estimated by fluorescence microscopic analysis 17. 
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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). 

K. C. NIELSEN, CH. OWMAN 
and E. ROSENGREN 

Neurosurgical CHnic A, University Hospital o/Lund, 
Institute o/Anatomy and Histology, Department o/ 
Pharmacology, Lund University, 223 62 Lund (Sweden) 
and Department o/Neurological Surgery, New York 
University ]~'Iedical School, New York (N. Y., USA), 
18 July 1968. 

1~ T. G. BROWN and M. V. COTTEN, Fedn Prec. Fedn Am. Sees exp. 
Biol. 15, 405 (1956). 

as XV. HOLOBUT, Acta physiol, hung. 29, 383 (1966). 
1~ B. FALCK and Ca. OWMAN, Acta Univ, Lund. II 7, 1 (1965). 
x8 Supported by grants from the Association for the Aid of Crippled 

Children, New York; and from Atom-Lisa and Sven Eric Lundgren's 
Foundation. 

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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