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All t he  modi f i ca t ions  m e n t i o n e d  are p rac t i ca l ly  irre- 
versible,  even  if on ly  2 m i n  a f te r  e x c h a n g i n g  t he  isotonic  
KC1 b y  isotonic  K I O  3 t he  side pools are aga in  filled w i t h  
isotonic  KC1. Only  ex t r em e  du ra t i ons  of ac t ion  po t en t i a l s  
m a y  be reduced  b y  a sma l l  pe rcen t age  a f te r  r e t u r n i n g  to 
KC1 solut ion.  

.Discussion. The  resul t s  i nd i ca t e  t h a t  IOs- ,  wh ich  a m o n g  
o the r  ac t ions  is k n o w n  to  oxidize cys t ine  to 2 molecules 
of t he  co r respond ing  sulfonic acid a n d  to  oxidize disulf ide 
bonds  in insu l in  7, p r o b a b l y  reac ts  w i t h  a key  molecule  
located  inside of t he  sod ium p a t h w a y  across t he  m e m b r a n e ,  
cont ro l l ing  i n a c t i v a t i o n  of t h e  sod ium sys tem.  Appl ied  
to  t h e  ex t e rna l  surface  of t h e  noda l  m e m b r a n e ,  however ,  
IO 3- has  a lmos t  no act ion,  excep t  for a smal l  increase  

of r u n  down  of t he  sod ium and  p o t a s s i u m  sys t em of t he  
m e m b r a n e  s. Th i s  f ind ing  co r robora tes  the  v iew of ROJAS 
a n d  ARMSTRONG 9 who, f rom the i r  f ind ing  of reduced  
i n a c t i v a t i o n  in squ id  axons  per fused  w i t h  pronase ,  
conc luded  t h a t  some p ro t e in  loca ted  a t  t he  ins ide  of t he  
exc i t ab le  m e m b r a n e  cont ro l s  i n a c t i v a t i o n  of t he  sod ium 
sys tem.  IO3-, however ,  bears  m a n y  a d v a n t a g e s  c o m p a r e d  
to pronase .  I t  can  be  appl ied e lec t rophore t i ca l ly  t h r o u g h  
mic rop ipe t t e s  a n d  i ts  mode  a n d  si te  of ac t ion  should  no t  
be too  di f f icul t  to  e lucidate .  

F u r t h e r m o r e ,  t he  poss ib i l i ty  of work ing  w i t h  ' open '  
sod ium ' channe l s '  will g rea t ly  enhance  t he  possibi l i t ies  to  
s t u d y  t he  ac t ion  of chemica l  a n d  phys ica l  agen ts  on t he  
sod ium s y s t e m  w i t h  s imple  vol tage  c l amp systems.  
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Fig. 3. hoo curves obtained before and after exchanging the isotonic 
KC1 in the side pools by isotonic KIO~. The results were obtained 
'on-line' with a program developed for normal inactivation using 
prepulses (60 msec duration) from V = --50 to =t-30 mV. Note 
flattening of curves indicating reduced inactivation. Exp. 31 motor 
fibre Rana escutenta. 

Zusammen/assung .  I o d a t  (IOn-)-fonen h e m m e n  den  
I n a k t i v i e r u n g s v o r g a n g  des N a t r i u m s y s t e m s ,  falls sie 
i n t r a a x o n a l  d u r c h  Diffus ion v o m  a b g e s c h n i t t e n e n  E n d e  
e iner  m a r k h a l t i g e n  F r o s c h n e r v e n f a s e r  her  ans  I n h e r e  der  
S c h n i i r r i n g m e m b r a n  gelangen.  Mi t  der  S p a n n u n g s -  
k l e m m e  erh&lt m a n  d a n n  in  T E A - R i n g e r  eine S t rom-  
S p a n n u n g s k u r v e  des N a t r i u m s y s t e m s  a u c h  m i t  lang 
d a u e r n d e n  Po ten t i a l / i nde rungen .  I n  der  S t r o m k l e m m e  
lassen s ich u n t e r  diesen Umst /Lnden A k t i o n s p o t e n t i a l e  
m i t  D a u e r n  bis  zu 1 ra in  regis t r ieren.  
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M u s c a r i n i c  M e d i a t i o n  o f  t h e  B i p h a s i c  T e m p e r a t u r e  R e s p o n s e  t o  I n t r a h y p o t h a l a m i c  

I n j e c t i o n s  o f  C a r b a c h o l  i n  t h e  C a t  1 

There  is cons iderab le  ev idence  t h a t  in  severa l  species 
ace ty lcho l ine  m a y  be a n e u r o t r a n s m i t t e r  a t  those  synapses  
w i th in  t he  h y p o t h a l a m u s  wh ich  are i nvo lved  in t he  
con t ro l  of b o d y  t e m p e r a t u r e <  I n  t he  cat ,  in jec t ions  of 
m i c r o g r a m  q u a n t i t i e s  of ace ty lcho l ine  or c a r b a m y l -  
chol ine  (carbachol)  in to  t he  an t e r i o r  h y p o t h a l a m i c /  
p reop t ic  (AH/PO)  region of t he  b r a i n  evoke  t h e r m o r e -  
gu la to ry  changes  wh ich  are dos e - dependen t  s. Typica l ly ,  
low doses cause  on ly  a rise in b o d y  t e m p e r a t u r e  and  h igh  
doses, a fall. I n t e r m e d i a t e  doses p roduce  a b iphas ic  
effect:  a fall  fol lowed b y  a rise. To exp la in  t h i s  dua l  
effect  on  b o d y  t e m p e r a t u r e ,  i t  was  p o s t u l a t e d  t h a t  t he  
A H / P O  region of t h e  ca t  con ta ins  two pa r t i a l l y  over lap-  
p ing  chol inergic  sys tems,  one m e d i a t i n g  h e a t  ga in  and  
t he  o ther ,  h e a t  d i s s ipa t ion  s. Since b o t h  ace ty lcho l ine  
a n d  ca rbacho l  possess s t rong  musca r in i c  and  n icot in ic  
agonis t ic  ac t iv i ty ,  i t  is possible  t h a t  n e u r o t r a n s m i s s i o n  
m i g h t  be musca r in i c  in one of these  sys tems  a n d  n ico t in ic  
in  t he  o ther .  The  p re sen t  e x p e r i m e n t s  were car r ied  ou t  to  
examine  th i s  poss ibi l i ty .  

Materials  and methods. Using  p e n t o b a r b i t a l  anes thes i a  
and  asept ic  technic ,  22 G s ta inless  s teel  guide cannu lae  
were i m p l a n t e d  j u s t  above  t he  A H / P O  region in male  
ca ts  weighing  2.5 3.7 kg. Two weeks were al lowed for 
r ecove ry  f rom surgery.  T h r o u g h  a 28 G in jec t ion  can-  

nula,  sterile, pyrogen-free ,  i sotonic  so lu t ions  of d rugs  
dissolved in an  ar t i f ic ia l  ce rebrosp ina l  f luid were in jec ted  
un i l a t e ra l ly  in  a vo lume  of 1.0 btl a t  a d e p t h  of 1.5 m m  
below the  guide tips.  

D u r i n g  each  e x p e r i m e n t a l  session, t he  ca ts  were 
i so la ted  in  a t e m p e r a t u r e - c o n t r o l l e d  c a b i n e t  (20~ -~ 
0.5 ~ and  r e s t r a ined  in a s tock- l ike  device  to  wh ich  t h e y  
h a d  been  p rev ious ly  accus tomed .  Colonic t e m p e r a t u r e ,  
ear  skin  t e m p e r a t u r e  and  r e s p i r a t o r y  r a t e  were m o n i t o r e d  
c o n t i n u o u s l y  t h r o u g h o u t  t he  session. These  p a r a m e t e r s  
were al lowed to s tabi l ize  for a t  leas t  I h before an  in t r a -  
ce rebra l  in j ec t ion  was pe r fo rmed .  

The  fol lowing drugs  were used:  c a r b a m y l c h o l i n e  
chloride,  n ico t ine  d ihydroch lor ide ,  oxo t r emor ine  base  
or s e squ i fumara t e  salt,  1 -hyoscyamine  hyd roch lo r ide  
a n d  m e c a m y l a m i n e  hydroch lor ide .  

Results  and discussion. I n  con f i rma t ion  of a p rev ious  
r e p o r t  s, i n t r a h y p o t h a l a m i c  in jec t ions  of 0.01 M to  
0.03 M ca rbacho l  in to  A H / P O  loci p roduced  b iphas ic  
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t h e r m o r e g u l a t o r y  responses.  To d e t e r m i n e  w h e t h e r  t h e  
dua l  responses  m i g h t  be  m e d i a t e d  b y  musca r in i c  and  
n ico t in ic  sys t ems  w i t h i n  t h e  A H / P O  region,  s imi la r  
in jec t ions  of n ico t ine  a n d  oxo t remor ine ,  specific n ico t in ic  
a n d  musca r in i c  agonis ts ,  respec t ive ly ,  were pe r fo rmed .  
Nicot ine ,  in j ec ted  in c o n c e n t r a t i o n s  r a n g i n g  f rom 0.01 
to  0.3 M p roduced  e i the r  no effect  or a de layed  a n d  
g r adua l  increase  in t e m p e r a t u r e  wh ich  bore  no  resem- 
b lance  to  t he  response  to  carbachol .  S imi la r  delayed,  
g r adua l  t e m p e r a t u r e  increases  h a v e  been  obse rved  a f t e r  
con t ro l  in jec t ions  of ar t i f ic ia l  ce rebrosp ina l  f luid a n d  m a y  
be a t t r i b u t a b l e  tO py r ogen  c o n t a m i n a t i o n  or a pyrogen ic  
t i ssue  f ac to r  re leased b y  m e c h a n i c a l  d i s t u r b a n c e  of t he  
in j ec t ion  site. Oxo t remor ine ,  on  t h e  o t h e r  h a n d ,  p roduced  
t h e r m o r e g u l a t o r y  effects  w h i c h  were r e m a r k a b l y  s imi la r  
to  those  evoked  by  carbachol ,  a l t h o u g h  s o m e w h a t  h ighe r  
doses were requi red .  The  t h e r m o r e g u l a t o r y  effects  of 
in j ec t ions  of ca rbachol ,  n i co t ine  a n d  o x o t r e m o r i n e  
in jec ted  in to  2 d i f fe ren t  A H / P O  sites are i l l u s t r a t ed  in 
t he  Figure .  

F u r t h e r  ana lys i s  of the  n a t u r e  of t he  b iphas i c  ca rbacho l  
response  was car r ied  ou t  us ing  1-hyoscyamine ,  a specific 
musca r in i c  r ecep to r  a n t a g o n i s t  and  m e c a m y l a m i n e ,  a 
specific n ico t in ic  r ecep to r  an t agon i s t .  One of these  
subs t ances  was in jec ted  in to  a si te  20 ra in  p r io r  to  t he  
in jec t ion  of a dose of c a r b a c h o l  which,  w h e n  a d m i n i s t e r e d  
a lone  in to  t he  same site, evoked  a b iphas i c  response.  At  
6 sites, p re - in jec t ion  of 0.012 M 1-hyoscyamine  p roduced  
a 6 0 - 7 0 %  r e d n c t i o n  in t he  m a g n i t u d e  of b o t h  t he  fa l l ing  
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Changes in colonic temperature evoked by injections into 2 sites 
within the AH/PO region of 1.0 ~xl of various molar concentrations 
of carbachol (CCh) nicotine (NIC) and oxotremorine (OXO). 

a n d  t he  r i s ing phase  of t he  response  evoked  b y  0.03 M 
carbachol .  This  r e d u c t i o n  was s ign i f ican t  a t  t he  0.05 
level. However ,  p re - in jec t ion  of m e c a m y l a m i n e  a t  a 
c o n c e n t r a t i o n  of 0.13 M, 10 t imes  t he  c o n c e n t r a t i o n  of 
1 -hyoscyamine  used, p roduced  on ly  a 29% reduc t i on  
of t he  fa i l ing  phase  ( P  > 0.05) a n d  fai led to affect  t he  
r i s ing phase .  I n j e c t i o n  of 1 -hyoscyamine  or mecamyl -  
a m i n e  a lone h a d  no  c o n s i s t a n t  effect  on  b o d y  t e m p e r a t u r e ,  
a l t h o u g h  m e c a m y l a m i n e  occas ional ly  p roduced  a sma l l  
increase.  

These  f ind ings  sugges t  s t rong ly  t h a t  b o t h  t he  fall  and  
t he  rise in t e m p e r a t u r e  p roduced  b y  ace ty lcho l ine  or 
c a rbacho l  in j ec ted  in to  t h e  A H / P O  region of t he  ca t  b r a i n  
are due  to  an  ac t ion  on  musca r in i c  or muscar in ic - l ike  
recep tors  and  t h a t  s t i m u l a t i o n  of n ico t in ic  recep tors  is 
no t  involved .  The  b iphas ic  effect  on  b o d y  t e m p e r a t u r e  
evoked b y  in jec t ion  of c a rbacho l  a t  some A H / P O  loci is 
un l ike ly  to  be  a resu l t  of s equen t i a l  exc i t a t i on  a n d  inh ib i -  
t i on  (or v ice-versa)  of a s ingle musca r in i c  p a t h w a y  because  
in j ec t ion  of a musca r in i c  a n t a g o n i s t  a t  t hese  same si tes  
- wh ich  would  p r e s u m a b l y  p roduce  i n h i b i t i o n  of f unc t i on  - 
fai led to p roduce  a n y  m a j o r  change  in b o d y  t e m p e r a t u r e .  
Moreover ,  i n j ec t ion  of c a rbacho l  a t  some si tes  w i t h i n  t he  
A H / P O  region evoked  on ly  one u n i t a r y  effect, e i the r  a 
fal l  or a rise in  t e m p e r a t u r e  3. The  m o s t  pa r s imon ious  ex- 
p l a n a t i o n  of these  f ind ings  is t h a t  t he  A H / P O  region of 
t h e  ca t  con ta ins  pa r t i a l l y  ove r l app ing  h e a t  ga in  a n d  h e a t  
loss p a t h w a y s ,  b o t h  of wh ich  are musca r in i c  in  na tu re .  
B iphas i c  responses  would occur  w h e n  musca r in i c  agonis t s  
are in j ec ted  in to  areas  of over lap .  

W i t h  respec t  to  i ts  lack  of nicot in~cal ly sens i t ive  
synapses  in  t he  A H / P O  h e a t  loss p a t h w a y ,  the  ca t  
a p p a r e n t l y  differs  f rom the  r a t  a n d  rhesus  monkey .  I n  
these  l a t t e r  species, n ico t in ic  s t i m u l a t i o n  of the  A H / P O  
region evokes  a decrease  in b o d y  t e m p e r a t u r e  r How-  
ever, t he  poss ib i l i ty  t h a t  n ico t in ic  synapses  i nvo lved  in 
h e a t  loss m a y  exis t  in t he  pos t e r io r  h y p o t h a l a m u s  or  
lower b r a i n  s t em of t he  ca t  c a n n o t  be  dismissed.  Indeed ,  
2 r ecen t  r epo r t s  t h a t  n ico t ine  in jec ted  in to  t he  ce rebra l  
ven t r ic les  of t he  ca t  s u p p o r t  th i s  poss ib i l i ty  6, 7 

Rdsumd. On a examin@ ia n a t u r e  du  c h a n g e m e n t  bi-  
p h a s i q u e  de  la t e m p 6 r a t u r e  rec ta le  p r o d u i t  p a r  une  
in jec t ion  de c a r b a m y l c h o l i n e  dans  l ' h y p o t h a l a m u s  du  
chat .  Los phases  d ' a u g m e n t a t i o n  et  de d i m i n u t i o n  de la 
r6ponse  on t  6t6 caus6es p a r  des r e c @ t e u r s  h y p o t h a l a -  
miques  musca r in iques .  
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P h e r o m o n e  and Host  O d o r - S t i m u l a t e d  Potent ia ls  in Dendroc tonus  

Elee t rophys io log ica l  i nves t i ga t i ons  of a n t e n n a l  ol- 
f ac to ry  respons iveness  to  p h e r o m o n e s  a n d  hos t  odors  
h a v e  been  r epo r t ed  for severa l  insec t  speciesl .  A n t e n n a l  
o l fac to ry  response  can  be  m e a s u r e d  t h r o u g h  ac t ion  
p o t e n t i a l s  f rom one to a few recep to r  cells ~ and  t h r o u g h  

t h e  e l e c t r o a n t e n n o g r a m  (EAG) 3 I n  genera l  E A G  records  
cons is t  of t h e  s u m m a t i o n  of severa l  r ecep to r  p o t e n t i a l s  
f rom o l fac to ry  receptors .  However ,  w i t h  t he  ind i f fe ren t  
e lec t rode  in the  head  of the  insect ,  m u s c l e . p o t e n t i a l s  
o f ten  a p p e a r  in t he  records  3. W h e n  t he  r ecord ing  a n d '  


